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1994  ATTACK  TEAM  WORKSHOP:  PHASE  II  -  FULL-SCALE  OFFENSIVE 

FOG  ATTACK  TESTS 


INTRODUCTION 

This  report  describes  testing  conducted  on  board  the  ex-USS  SHADWELL,  the 
Navy’s  full-scale  damage  control  R&D  platform  [1].  The  subject  tests  represent  Phase  II 
of  the  1994  Attack  Team  Workshop  (ATW)  test  series  and  are  designed  to  provide  the 
technical  and  scientific  basis  for  changes  and  improvements  to  Naval  Ships’  Technical 
Manual  (NSTM)  555  [2].  Similar  testing  has  been  conducted  in  previous  years  as  part  of 
the  Fleet  Doctrine  Evaluation  (FDE)  test  series  with  topics  including  indirect  attack  of  mass 
conflagrations,  active  desmoidng  of  below-deck  fires,  vertical  fire  attack,  smoke  and  heat 
management,  and  boundary  cooling/containment  techniques  [3-6]. 

At  the  1993  Annual  DC/FF  Working  Group  meeting,  the  aggressive  use  of  water  fog 
for  firefighting  purposes  was  proposed.  NSTM  555  currently  recommends  a  narrow  angle 
fog  or  straight  stream  for  direct  fire  attack  into  the  base  of  Class  A  fires.  Where  a 
compartment  is  heavily  involved  in  fire,  a  side-to-side  sweeping  action,  again  using  a  narrow 
angle  fog  or  straight  stream,  is  recommended.  Participants  of  the  working  group  agreed 
that  alternative  techniques  for  application  of  water  fog  streams  should  be  a  topic  of 
investigation.  Accordingly,  the  1994  Attack  Team  Workshop  test  series  was  developed  to 
evaluate  techniques  for  application  of  water  fog  streams  to  control  a  growing/fully  developed 
fire  threat  Spedfically,  the  use  of  a  medium  (approximately  60”)  angle  fog  directed  at  a 
45°  angle  up  into  the  overhead  and  discharged  in  short  bursts  was  compared  with  the 
traditional  straight  stream  attack. 

As  performed  during  previous  FDE  testing,  ancillary  tests  were  conducted 
concurrent^  with  the  attack  team  evolutions.  Evaluations  conducted  by  the  Naval  Health 
Research  Center  (NHRC)  included  continuation  of  the  psychological  studies  initiated  in  the 
1993  FDE  test  series  as  well  as  collection  of  physiological  data  and  monitoring  of  specific 
garment  characteristics.  Evaluations  conducted  by  the  Naval  Clothing  and  Textile  Research 
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Facility  (NTRF/20)  included  modifications  to  the  firefighters’  boots  and  gloves.  A 
nonfirefighting  evaluation  of  a  proposed  Self-Contained'Brcathing  Apparatus  (SCBA)  was 
performed  by  participants  not  directly  involved  in  the  attack  team  evolutions. 


The  objective  of  this  report  is  to  document  the  test  setup  for  the  attack  team 
evolutions,  describe  the  results  of  the  firefighting  t^ts,  provide  representative  data  of  the 
fire  threat,  and  analyze  the  results  in  the  context  of  changes  to  NSTM  555.  It  is  expected 
that  principal  investigators/project  managers  for  the  ancillary  tests  will  prepare  individual 
reportsAddeos/presentations. 

BACKGROUND 

Current  Doctrine 


Section  5.3  of  NSTM  555  [2]  outlines  current  U.S.  Navy  doctrine  relative  to 
shipboard  interior  firefighting  tactics.  Paragraph  555-5.3.2.7.1  describes  the  main  objective 
of  fire  attack  as  being "...  to  gain  immediate  control  and  to  prevent  or  minimize  the  spread 
of  fire."  The  key  phrase  in  this  passage  is  "to  gain  control;"  if  the  firefighter  is  able  to  gain 
immediate  control  of  the  fire,  the  task  of  preventing  or  minimizing  fire  spread  will  be 
greatly  simplified.  The  question  then  is  how  best  to  gain  immediate  control  of  the  fire. 

Paragraph  555-5.3.2.7.1  goes  on  to  describe  two  basic  methods  of  attack  that  will 
aUow  the  firefighters  to  control  the  fire  and  minimizing  fire  spread.  These  two  methods  are 
the  direct  attack  and  the  indirect  attack.  A  direct  attack  is  used  when  the  firefighters  can 
...advance  into  the  immediate  fire  area  and  apply  the  mninguishing  agent  directly  onto  the 
seat  of  the  fire."  The  indirect  attack  method  is  used  when  "...heat,  gases,  and  smoke  from 
an  advanced  fire  make  access  increasingly  difficult"  In  this  respect  the  current  doctrine  is 
limited.  The  direct  attack  method  is  acceptable  for  incipient  or  growing,  unobstructed  fires 
while  the  mdirect  attack  method  is  appUcable  to  the  post  flashover/fuUy  developed  fire 
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scenario^.  The  limitation  is  that  there  are  a  wide  range  of  fires  that  could  potentially  fall 
in  between  these  two  extremes  for  which  neither  of  the  Scribed  attack  methods  would  be 
the  most  advantageous. 

Fire  scenarios  that  would  fall  between  the  two  extremes  include  the  following: 

•  growing/steady  state  fires  where  the  seat  of  the  fire  is  shielded  from  direct 
agent  application  by  an  obstruction; 

•  growing/steady  state  fires  where  there  are  multiple  fire  sources  scattered 
about  the  space;  and 

•  low  visibility  fires  where  heat  and  heavy  smoke  conditions  obscure  the  seat  of 
the  fire. 


The  conditions  (heat,  smoke,  and  fire  gases)  associated  with  these  fire  scenarios  typically 
do  not  prevent  initial  entry  into  the  fire  compartment.  However,  the  extra  time  that  it  takrt 
to  maneuver  within  a  space  to  locate  and  directly  attack  the  seat  of  the  fire  does  present 
a  significant  threat,  primarily  due  to  the  stage  of  the  fire.  Uncontrolled,  these  fires  may 
continue  to  grow  rapidly,  potentially  resulting  in  flashover  conditions.  This  is  particularly 
true  where  the  fire  is  ventilation  limited  (due  to  "button*up"  procedures  by  investigators) 
and  entry  by  the  attack  team  introduces  additional  air.  These  types  of  fires  require  a  quick 
decision  whether  to  continue  with  the  direct  attack  or  faU  back  for  an  indirect  attack.  This 
decision  must  be  continually  reevaluated  as  time  passes  and  conditions  change. 


The  term  incipient,  growing,  fully  developed,  and  flashover  describe  different  states 
of  fire  involvement  These  terms  have  been  quantitatively  described  in  previous 
NavalResearch  Laboratory  (NRL)  firefighting  doctrine  reports  [6, 7).  They  are  alijo 
described  m  NSTM  555  [2]. 
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This  ongoin;  decision  making  process,  which  involves  constant  reevaluation  of  the 
conditions  in  a  hostile  environment  can  be  difficult  even'for  an  experienced  firefighter  who 
has  been  in  the  same  situation  many  times  previously.  Paragraph  555-3.3.2.7.2  describes 
■training,  discipline,  and  courage..."  as  necessary  characteristics  for  a  nozzleman  or  attack 
team  leader.  Because  fires  of  this  magnitude  aboard  Navy  ships  are  infrequent  the 
experience  level  of  Damage  Control  Teams  is  correspondingly  low.  Also,  current  we...... 

focuses  primarily  on  the  physical  tactics  associated  with  the  two  attack  methods  without 
cmphasixing  the  decision  making  process.  As  a  result  the  development  of  a  simple 
firefighting  tactic  that  does  not  involve  complicated  decision  making  is  appropriate.  His 
tactic  should  allow  the  firefighter  to  quickly  gain  and  maintain  control  of  the  fire 
environment  to  meet  the  challenges  of  growing/steady  sate  obstructed  or  low  visibility  fire 
threats.  One  such  Uctic  is  the  use  of  medium  angle  fog  in  short  bursts  directed  up  in  the 
hot  layer.  This  type  of  actic  has  been  described  in  several  civilian  firefighting  manuals  and 
articles  (8,  9, 10.  U).  When  properly  executed,  thU  actic  has  the  advanage  of 
cooling  the  hot  gas  layer  without  generatmg  excessive  amouna  of  steam.  It  can  also  reduce 
disruption  of  the  thermal  balance  within  the  fire  spacet.  He  net  effect  is  to  mainoin 
tenable  conditions  within  the  fire  space,  thereby  aUowing  the  firefighters  to  continue  with 
their  efforts  to  locate  and  extinguish  the  seat  of  the  fire. 

Cunent  doctnne  refers  only  to  the  straight  stream  and  narrow  angle  (30^  fog 
settmgsof  the  vari-nozzle  when  addressing  direct  fire  stack  (paragraphs  553-5.3.2.7.3. 535- 
5.3JJ.2, 535-53  JJ.6.  and  535-5.3.4.2.  Item  11).  References  to  the  use  of  medium  or  wide 
angle  fog  are  limited  to  defensive  simations  or  general  cooling  of  the  hot  gas  layer 
(paragraph555-53.2.73. 355-5333.6, 355-53.43,  Item  11,  and  555-5.3. 10.4).  He  rationale 
for  this  philosophy  is  found  in  paragraph  355-5.333.2,  ’...  visibility  and  comfort  are 
paramount  for  an  effective  atock.  Fog  streams  greater  than  30  degrees,  discharged  onto 
heated  overhead... will  create  steam...[which]  will  surround  the  firefighters,  causing  burns 


He  term  thermal  balance"  as  used  in  NSTM  555  refers  to  the  condition  where  th< 

smiS^radThn.  **  cOTpartment  has  settled  into  two  distinct  layers  with  th< 
smoke  and  hot  gases  rn  the  upper  layer  and  cooler  fresh  air  in  the  lowr  layer. 
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and  discomfort  and  will  disrupt  the  thermal  column  and  heat  in  the  overhead,  causing  a 
thick  smoke  layer  to  descend  and  reduce  visibility."  This  rationale  was  developed  from 
previous  NRL  firefighting  doctrine  tests  [7,  12]. 

Visibdity  and  comfort  are  important  factors,  particularly  from  the  standpoint  that  if 
you  get  forced  out  of  the  space  by  steam,  you  have  lost  territory  which  could  be  hard  to 
take  back.  However,  the  threat  posed  by  the  buUd-up  of  hot  gases  in  the  overhead  while 
attempting  to  locate  and  attack  the  seat  of  the  fire  is  of  equal  importance.  A  tactic  that  wiU 
allow  the  firefighter  to  control  the  overhead  threat  without  adversely  affecting  visibiUty  and 
comfort  would  aUow  a  more  aggressive  attack.  The  ability  of  medium  angle  fog  to  cool  the 
hot  gas  layer  has  already  been  acknowledged.  If  an  offensive  tactic  using  a  medium  angle 
fog  stream  can  be  developed  that  would  not  produce  the  adverse  affects  on  visibility  and 
comfort,  the  firefighter  would  have  the  tool  he  needed. 

In  summary,  the  success  of  a  direct  fire  attack  performed  in  accordance  with  current 
Fleet  Doctrine  is  dependent  on  the  seat  of  the  fire  being  readily  accessible  to  the  attack 
team  and  limiting  the  steam  insult  to  the  firefighters.  If  this  is  not  the  case  and  the  attack 
team  is  unable  to  gain  quick  control  of  the  fire,  the  only  option  currently  described  is  to  fiUl 
back  and  perform  an  indirect  attack.  There  is  minimum  guidance  either  from  the  doctrine 
or  from  the  training  community  to  help  the  firefighters  with  the  decision  making  process 
that  IS  required  for  changing  conditions.  The  use  of  a  medium  angle  (60*)  fog  stream 
directed  upward  at  a  45"angle  at  the  burning  gases  in  the  overhead  has  been  identified  as 
a  tactic  that  could  be  used  in  such  situations.  By  controUing  the  overhead  fire  threat  first 
the  attack  team  may  have  more  time  to  locate  the  seat  of  an  obstructed  or  low  visibility  fire. 
They  might  also  have  sufficient  time  to  evaluate  conditions  and  make  the  necessary  decision 
for  continuing  a  successful  direct  attack. 

Phase  I  Scoping  Test 

Unlike  previous  FDE  test  series,  the  initial  scoping  tests  for  the  1994  ATW  were 
performed  in  the  USS  STARK  mockup  located  at  the  Chesapeake  Beach  Detadiment 
(CBD)  of  the  Naval  Research  Laboratory,  rather  than  onboard  the  ex-USS  SHADWELL 
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These  scoping  tests  established  two  different  repeatable  and  challenging  fire  threats  and 

evaluated  the  effects  of  variables  such  as  flow  rate  and  Jactics  on  the  ability  to  control  and 
knockdown  the  fire. 

Reference  [13]  describes  the  results  of  these  tests.  At  the  76  Lpm  (20  gpm)  flow 
rate,  the  offensive  fog  technique  appeared  to  be  a  better  tactic  than  the  traditional  straight 
stream  approach.  At  the  360  Lpm  (95  gpm)  flow  rate,  the  differences  between  the  two 
techniques  were  not  significant  This  was  attributed  to  the  size  and  volume  limitations  of 
the  CBD  test  space.  Most  importantly,  these  tests  demonstrated  that  under  certain 
conditions,  a  medium  angle  (60“)  fog  stream  could  be  used  as  an  offensive  tactic  to  control 
and  knockdown  the  fire  in  the  overhead  without  adversely  affecting  the  thermal  balance  and 
tenability  within  the  fire  space.  The  primary  limitation  of  these  tests  was  the  relatively 

size  of  the  fire  space.  This  is  one  reason  why  differences  between  tactics  were  not  obseived 
at  the  high  (360  Lpm  (95  gpm))  flow  rates. 

OBJECTIVES 

The  objective  of  the  Phase  U  Attack  Team  Workshop  test  series  was  to  define 
scenarios  where  an  offensive  fog  attack  might  be  used  to  control  the  fire  threat  More 
specifically,  these  tests  were  intended  to  determine  the  benefits  and  drawbacks  of  using  an 
offensive  fog  attack  versus  a  traditional  straight  stream  attack  to  control  a  growing/steady 
state  fire  threat  They  also  provided  an  opportunity  to  identify  specific  techniques  for 
optimizing  the  use  of  an  offensive  fog  attack. 

APPROACH 

The  Phase  n  Attack  Team  Workshop  tests  were  conducted  in  the  forward  area  of 
the  ex-USS  SHADWELL,  on  the  first  (main)  and  second  decks  between  FR  9  and  22  (Figs. 
1  and  2).  The  actual  test  area  was  the  second  deck,  between  FR  15  and  22.  in  the  space 
formerly  designated  as  Berthing  1  (2-15-2).  TTiis  space  was  modified  for  the  Attack  Team 
Workshop  test  series  by  adding  a  fore-to-aft  bulkhead  down  the  centerline  of  the 
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Fig.  1  ■  First  (Main)  d«ck  plan  viawf.  FR  10-29 


Fig.  2  -  8«oond  cl«ck  plan  view,  FR  9-29 


compartment.  The  new  space  to  port  of  the  centeiiine  bulkhead  was  designated  as  Stor^e 
Area  (2-15-2)  while  the  space  to  starboard  was  designate  as  General  Store  Keeping  Office, 
(GSK  2-15-1)  (Fig.  3). 


The  fire  area  was  in  the  aft  portion  of  the  Storage  Area.  Access  to  the  fire  area  was 
via  the  starboard  passageway  through  watertight  door  QAWTD  2-17-1  into  GSK,  and  then 
though  the  forward  joiner  door  JD2-16-0  into  the  fire  space.  Repair  2  (2-9- 1-Q)  was  used 
as  the  staging  area  for  the  attack  team.  The  foVsle  area  forward  of  the  ship  fitters  shop 

(1-15-0-E)  on  the  main  deck  and  CIC  Aft  (2-22-2)  on  the  second  deck  served  as  emergency 
escape  and  muster  areas. 


The  Phase  II  test  series  involved  combating  a  Class  A  growing/steady  state  fire  using 
a  horizontal  attack  through  an  uninvolved  adjacent  ccmipartment.  Test  variables  included 
firefighting  tactics  for  controUing/extinguishing  the  fire,  effects  of  obstructions,  and  effpcts 
of  visibility.  Safety  warm-up  tests  were  conducted  15-19  August  1994. 

Fire  Threat  No.  1,  used  for  the  initial  six  tests  of  the  September  series  was  a 
growing/steady  state  Class  A  fire  involving  wood  cribs,  particle  board  panels,  and  newspaper 
filled  cardboard  boxes.  For  this  scenario,  the  fire  sources  were  obstructed  by 
partitions  and  lockers.  This  forced  the  attacked  teams  to  advance  well  into  the 
compartment  before  being  able  to  apply  water  direct^  to  the  seat  of  the  fire.  Also,  to  add 
to  the  difficulty  of  the  evolution,  none  of  the  participants  were  aUowed  to  observe  the  layout 
of  the  compartment  prior  to  entering  it  for  their  first  firefighting  attempt 

Fire  Threat  No.  2,  referred  to  as  the  "low  visibility”  scenario,  was  similar  in  lay  out 
to  threat  No.  1  except  that  oil-soaked  rags  were  substituted  for  one  of  the  wood  cribs  a«d 
the  particle  bound  sheets  were  not  included.  The  fire  space  was  ino^a^^^  to  include  GSK 
by  leaving  the  forward  joiner  door  (JD-2-16-0)  open,  and  the  obstructions  present  for  threat 
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Second  deck  test  area  plan  view  (FR  15-23) 


No.  1  were  not  present,  having  been  removed  for  a  previous  test  As  with  the  initial  tests 
for  threat  No.  1,  the  attack  team  was  unaware  of  the  nVv  layout  of  the  fire  space. 

After  the  initial  set  of  tests  were  conducted  with  fire  threat  No.  1,  it  was  decided  that 
a  set  of  two  tests  should  be  conducted  without  the  obstructions  in  place.  This  revised  threat 
was  designated  as  Fire  Threat  No.  LA.  In  all  aspects  other  than  removal  of  the 
obstructions,  it  was  identical  to  Threat  No.  1.  Attack  team  members  fighting  this  fire  were 
not  advised  as  to  the  changes  in  the  compartment  layout 

Three  groups  of  participants  were  used  to  form  three  attack  teams.  All  participants 
were  fleet  personnel  and  included  a  damage  control  team  from  the  Precommissioning  Unit 
of  the  RUSSEL  (DDG  59),  a  team  of  Propulsion  Examination  Board  (PEB)  personnel  from 
both  the  Atlantic  and  Pacific  Fleets,  and  an  all-female  team  formed  from  firefighting 
instructors  frcmi  FTC  Treasure  Island  and  Repair  Party  members  from  the  USS  EMORY 
S.  LAND.  Each  team  consisted  of  an  Attack  Team  Leader,  a  nozzle  man,  a  hose  tm»«,  and 
a  plugman^aek•up. 

The  scope  of  these  tests  was  limited  to  the  control  and  extinguishment  of  a 
growing/steaty  state  Class  A  fire  confined  to  a  single  compartment.  Fire  ^read  was  not 
considered;  e.g.,  boundaries  were  not  set  and  there  was  no  active  desmoking^rentilation. 
Prior  to  the  initial  tests,  all  teams  conducted  hoseline  drills  so  that  both  tactics  (traditional 
straight  stream  and  aggressive  fog)  were  well  understood.  Additionally,  the  test  matrix  was 
arranged  so  that  proficiency  and  knowledge  of  the  fire  ^[lace  layout  gained  from  the  first 
three  tests  did  not  bias  either  tactic. 

The  prc^xjsed  test  plan  for  the  Phase  n  September  test  series  is  described  in 
Reference  [14]. 
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fire  threat 


One  of  the  principle  objectives  for  these  tests  was  to  provide  realistic  fire  threats  that 
would  result  m  a  severe  chaUenge  to  attack  teams  attempting  a  traditional  direa  attack 
using  a  straight  or  narrow  angle  fog  stream  as  described  in  NSTM  555.  The  fire  threats  also 
had  to  be  repeatable  to  show  for  evaluation  and  comparison  of  the  test  results  independent 
^  fire  reUted  variables.  As  a  result  of  the  Phase  I  Scoping  Tests  and  the  Phase  11  Safety 
ann  Up  tests,  the  two  fire  threats  described  previously  were  developed.  It  was 
determined  that  these  two  threaB  would  provide  the  chaUenge  and  repeatability  needed. 

The  first  fire  threat  (Fire  Threat  No.  1)  was  intended  to  represent  a  growing/steady 
state  fire  that  had  mulbple  fire  source  locations  dispersed  about  the  fire  compartment  which 
created  flashover  or  near  flashover  conditions  in  die  space.  Flames  roUing  across  the 
overhead  and  upper  layer  temperatures  in  the  range  400-600"C  (752-1112"F)  typified  this 
type  of  fire.  To  provide  further  chaUenges  and  realism  to  the  attack  teams,  obstructions 
were  placed  between  the  fire  sources  and  the  entry  point  to  the  fire  compartment  This 
forced  the  attack  team  to  advance  weU  into  the  space,  under  severe  conditions,  to  directly 
attack  and  extingnish  the  sourees  of  the  fires.  In  order  to  successfully  approach  the  fire 
sources,  the  attack  had  to  first  control  the  fire  in  the  overhead. 

The  second  fire  threat  was  mtended  to  represent  a  low  visibility  fire.  WhUe  typicaUy 
not  as  hot.  this  type  of  fire  does  pose  a  significant  challenge  in  locating  the  seat  of  the  fire. 
Also,  as  more  time  is  spent  locating  the  seat  of  the  fire,  conditions  can  continue  to 
deteriorate,  and  evenmaliy  the  hot  gases  eoUecting  in  the  iwerhemf  nmy  become  a  very  real 
threat  Therefore,  controlling  action  is  again  needed  to  maintain  tenability  and  safe^  wMiin 
the  space.  OU-soaked  rags  in  place  of  one  of  the  ctihs.  and  n-Heptane  mixed  with  diesel 
fuel  as  the  initiating  fuel  were  used  to  provide  this  ^  of  scenario. 
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EXPERIMENTAL  SET-UP  AND  PROCEDURE 


General  Set-Up 

Figures  A1  and  A2  in  Appendix  A  provide  dimensional  details  of  the  main  and 
second  deck  forward  areas.  The  second  deck  is  shown  as  modified  with  the  new  centerlme 
bulkhead  and  joiner  doors.  The  staging  area  for  the  attack  team  was  Repair  2  (2-9- 1-Q). 
Accesses  used  by  the  attack  team  to  reach  the  fire  space  included  QAWTD  2-15-3, 
QAWTD  2-17-4,  and  JD  2-16-0.  The  dimensions  of  the  quick  acting  watertight  doors  were 
168  X  66  cm  (66  X  26-in.)  and  the  joiner  doors  in  the  new  centerline  bulkhead  were  213  x 
61  cm  (84  X  24-in).  Emergency  exit  routes  available  to  the  attack  team  were  FD  2-22-1  to 
the  CIC  Aft  safety  area,  or  QAWTD  2-17-1  and  QAWTD  2-15-3  back  to  Repair  2  and  then 
up  to  the  fo’c’sle  via  the  booby  hatch  at  FRll. 

Simulation  of  a  typical  storage  area  was  accomplished  by  having  three  separate  fire 
sources  within  the  fire  area.  The  exact  locations  of  the  fire  sources  are  shown  in  Fig.  4. 
Each  fire  source  consisted  of  a  wood  crib  in  combination  with  particle  board  panels  and 
newspaper  fiOed  boxes  (Figs.  5, 6).  Each  fire  source  location  had  a  metal  pan  located  below 
the  wood  crib  for  initiating  fuel.  Additional  details  pertaining  to  the  fire  sources  are 
presented  in  Section  5.3.  To  further  simulate  a  storage  area,  and  the  make  the  attack  more 
challenging,  metal  panels,  lockers,  and  cabinets  (Fig.  7)  were  placed  around  the 
compartment  so  that  they  obstructed  the  fire  sources.  The  metal  panels  were  all  1.2  m  (4 

ft)  high.  The  dimensions  of  the  lockers  are  provided  in  Fig.  4.  The  exact  locations  of  the 
obstructions  are  also  shown  on  Fig.  4. 

Ventilation 

The  ventilation  used  for  these  tests  was  supplied  from  the  ships  ventilation  system, 
TPSS  (Total  Protection  Supply  System),  andTPES  (Total  Protection  Exhaust  System).  The 
supply  systmn  outlet  for  the  test  area  was  located  near  the  aft  bulkhead  of  the 
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<w.  rm  tNts  r»c  mca> 
WfTD 

2-22-2 


CobiMt  #1  61x46s163  cm  (24x18x64  in) 
Cobfcirt  f2  66x43x178  cm  (26x17x70  in) 
Cotoinct  §i  (66x43x175  cm  (26x17x69  in) 
Cobh*!  #4  (56x25x94  cm  (22x10x37  in) 
Cabinet  §5  (56x51x94  cm  (22x20x37  in) 


Stock  Of  Cordboord  Boxes 
X  ■  #  Boses  in  Stock 


g.  4  -  Second  deck  fire  source  and  obstruction 


layout  plan  view  (FR  15-22) 


Fig.  5  -  Wood  crib,  particle  board  panels,  and  newspaper  filled  boxes 
at  Fire  Source  No.  1  (shown  without  obstructions) 
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Eig.  6  -  Wood  crib  and  newspaper  filled  boxes  at  Fire  Source  No.  2 
(shown  without  obstructions) 
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Fig.  7  -  Obstructions  located  in  front  of  Fire  Source  Nos.  1  and  2 


Storage  Area  in  the  overhead  and  had  a  measured  flow  o£  3822  Lpm  (135  cfin).  The 

exhaust  inlet  was  located  at  approximately  the  center  ot  the  Storage  Area  in  the  overhead 
and  had  a  measured  flow  of  44369  Lpm  (1367  cfm). 


Additional  fresh  air  was  supplied  to  the  fire  space  during  the  fire  buUd-up  phase 
from  CIC  Aft  (2-22-2)  via  the  CIC  Office.  This  was  accomplished  by  leaving  WTD  2-22-2 
fnUy  open  and  throttling  the  air  flow  with  WTD  2-21-2.  Just  prior  to  the  attack  team 
enmrmg  the  fire  spm*.  WTO  2-21-2  was  closed.  The  f-stops  on  the  exhaust  system  shafts 
located  at  FR15  were  left  open  to  provide  a  natural  ventilation  path  for  the  fire  space.  For 
Fire  Threats  No.  1  and  No.  lA,  F-stop  2-15-2  was  left  open.  For  Fire  Threat  No.  2.  F-stop 
1  was  left  open.  Both  of  these  exhaust  paths  discharged  to  weather  at  the  02  Level 
The  fans  on  these  systems  were  not  activated  during  the  firefighting  evolution,  however 
after  the  fire  was  declared  out,  they  were  turned  on  to  expedite  desmoldng  of  the  test  area. 

The  LPSS  (Limited  Protection  Supply  System)  and  LPES  (Limited  Protection 
Exhaust  System)  located  in  the  DDG  5 1  machinery  space  was  not  used  during  the  test  This 
system  was  activated  only  for  post-exercise  desmoldng. 


Fuel  Packages 


There  were  two  basic  fuel  loads  used  for  these  tests.  For  Fire  Threats  No.  1  and  No 
the  fuel  load  consisted  of  three  wood  crib^  six  particle  board  panels,  and  18  newspaper 
e  cardboard  boxes.  The  wood  crib  fires  were  initiated  by  n-heptane  pool  fires.  For  Fire 
o.  2,  the  fuel  load  consisted  of  two  wood  cribs,  18  newspaper  filled  cardboard 
boxes,  and  a  bundle  of  oil-soaked  rags.  For  this  fire  threat,  the  wood  cribs  fires  were 
initiated  by  a  diesel/n-heptane  mixture,  whUe  the  rags  were  ignited  directly  by  the  toich. 

or  all  three  fire  threats,  the  fuel  loads  were  located  as  shown  in  Fig.  4.  Table  1 
summarises  wood  crib  constiuction  details  and  fuel  load  arrangement  for  Fire  Threat,  No. 
1  and  No.  lA.  Table  2  summarizes  the  fuel  load  arrangement  for  Fire  Threat  No.  2. 
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Table  2.  Fuel  Load  for  Fire  Threat  No. 
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The  wood  cribs  (Figs.  8-10)  were  made  from  red  oak  sticks  cut  to  a  nominal  size  of 
either  5.1  x  5.1  x  122  cm  (2  x  2  x  78-m.)  or  5.1  x  5.1  x  55.7  cm  (2  x  2  x  18-in.).  The  cribs 
were  assembled  in  place  on  metal  grate  support  stands  that  were  58.4  cm  (23-in.)  high. 
Each  crib  had  a  different  plan  view  shape,  as  described  in  Tables  1  and  2.  Under  each 
stand  was  a  metal  pan  to  hold  the  initiating  fuel.  The  amount  of  fuel  used  varied  by 
location  and  is  also  detailed  in  Tables  1  and  2. 

The  particle  board  panels  were  made  by  nailing  together  two  6.4  mm  (0.25-in.)  thick 
1.2  X  2.4  m  (4  X  8  ft)  sheets  of  particle  board.  This  gave  an  overall  panel  thickness  of  1.3 
mm  (0.5-in.).  The  panels  were  placed  vertically  against  the  walls  of  the  compartment  at  the 
locations  shown  in  Fig.  4  and  the  crib  support  stands  or  cardboard  boxes  were  pushed 
against  them  to  support  them  in  place  as  shown  in  Fig.  5. 


The  boxes  were  made  of  corrugated  cardboard  and  measured  45.7  x  38.1  x  30.5  cm 
(18  X  15  X  12  in.).  They  were  filled  with  loosely  crumpled  newspaper  and  then  taped  shut 
Then  locations  within  the  fire  space  are  shown  in  Figs.  4,  5  and  6. 

Instrumentation 

The  locations  of  aU  instrumentation  used  in  the  forward  test  area  are  shown  in 
Appendix  A,  Figs.  A3  and  A4.  The  Appendix  also  provides  details  on  instrumentation  that 
was  out  of  service  for  specific  tests.  Key  instruments  located  in  the  second  deck  test  area 

are  shown  on  Fig.  11  and  described  below.  The  ^mibol  legend  for  the  instruments  shown 
in  Fig.  11  is  provided  in  Appendix  A. 

Thermocouples 

Type  K,  mconel-sheathed  thermocouples,  3.2  mm  (0.13-in.)  outside  diameter  and  1.6 
mm  (0.06-m.)  outside  diameter,  were  used  to  measure  air,  overhead,  crib  flame,  and 
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Fig.  8  -  Triangular  shaped  wood  crib  located  at  Fire  Source  No.  1 
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Fig.  9  -  Square  shaped  wood  crib  located  at  Fire  Source  No.  2 
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Fig.  10  -  Rectangular  shaped  wood  crib  located  at  Fire  Source  No.  3 
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AWOMnoi 


Note;  See  Appendix  A  for  Symbol  l  egend 
Second  deck  lest  area  instrumentation  layout  plan  view  (FR  15-2J) 


structural  element  temperatures.  Key  thermocouples  located  in  the  fire  space  (Storage 

Area)  included  the  following: 

1.  Two  vertical  strings  mounted  on  stands  located  at  FR  18  on  the  port  side  of  the 
compartment  (2-18-2)  and  at  FR  19  on  the  starboard  side  of  the  compartment  (2-19- 
0).  The  thermocouples  were  mounted  on  the  stands  at  45.7  cm,  91.4  cm,  137.2  cm, 
228.6  cm,  and  274.3  cm  (18  in.,  36  in.,  54  in.,  72  in.,  90  in.,  and  108  in.)  above  the 
decL 

2.  Overhead  thermocouples  mounted  15.2  cm  (6  in.)  below  the  overhead  were  located 
in  the  bays  between  FRs  16  and  17,  FRs  18  and  19,  and  FRs  20  and  21.  The 
forward  two  bays  had  three  thermocouples,  positioned  71.1  cm,  215.9  cm,  and  360.7 
cm  (28  in.,  85  in.,  and  172  in.)  out  from  the  center-line  bulkhead.  The  aftmost  bay 
had  only  two  thermocouples  positioned  71.1  cm  and  215.9  cm  (28  in.  and  85  in.)  out 
from  the  center-line  bulkhead. 

3.  Thermocouples  were  extended  down  from  the  overhead  at  each  of  the  fire  source 
locations.  Fire  Sources  No.  1  and  No.  2  each  had  three  thermocouples,  which  were 
positioned  in  the  center  of  the  crib  at  the  bottom,  middle,  and  30.5  cm  (12  in.)  above 
the  top  of  the  cribs.  Fire  Source  No.  3  had  only  two  thermocouples,  which  were 
positioned  into  the  center  of  the  crib  at  the  bottom  and  30.5  cm  (12  in.)  above  the 
top  of  the  crib. 

Key  thermocouples  located  in  GSK  included: 

1.  Two  vertical  strings  located  in  the  aft  section  of  the  space  at  FR  21,  one  mounted 
on  a  stand  located  just  to  the  starboard  of  FD  2-22-1,  the  other  mounted  on  a 
permanently  affixed  string  located  to  starboard  of  WTS  2-21-1.  Thermocouples  on 
these  strings  were  again  mounted  45.7  cm,  91.4  cm,  137.2  cm,  182.8  cm,  228.6  cm, 
and  274.3  cm  (18  in.,  36  in.,  54  in.,  72  in.,  90  in.,  108  in.)  above  the  deck. 
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OveAe«i  thennocouples  mounted  13.2  cm  (6  in.)  below  the  overhead  were  located 
m  the  bays  between  FRs  16  and  17,  and  FRs-17  and  18.  Both  bays  had  two 

thennocouples  each,  positioned  71.1  cm  and  215.9  cm  (28  in.  and  85  in.)  out  from 
the  center-line  bulkhead. 

■An  additional  pair  of  thermocouples  positioned  at  45.7  cm  and  132.4  cm  ( 18-in.  and  60-in.) 
above  the  deck  were  located  m  the  starboard  passageway  just  aft  of  QAWTD  2-17-1  to 
monitor  the  air  temperature  in  the  passageway. 


Heat  Flur 

Total  heat  flux  was  measured  in  the  fire  space  (Storage  Area)  by  calorimeters 
mounted  on  the  center-line  bulkhead  just  aft  of  FR  15  at  0.9  m  and  2.4  m  (3  ft  and  8  ft) 
above  the  deck.  The  calorimeter  (Medtherm  Corp.  serial  numbers  85029  and  73m 

resp«mvely)  both  had  a  range  of  0-36.8  kW/m^  (0-3  Btufftis)  and  were  oriented  so  that  they 
viewed  aU  three  of  the  fire  source  locations. 

Radiant  heat  flux  wmt  measured  in  the  Are  space  by  radiometers,  also  mounted  on 

t  e  center-hne  bulkhead  immediately  aft  of  FR  15  at  0,9  m  and  2,4  m  (3  ft  and  8  ft)  above 

the  dMk,  The  radimneter  mounted  at  the  0.9  m  (3  ft)  level  (Medtherm  Corp.  serial  number 

56933)  had  a  rmtge  of  0-227.2  kW/m=  (0-20  Btu/fFs)  whUe  the  unit  mounted  at  the  2.4  m 

(  ft)  level  (Medtherm  Corp  serial  number  50901)  had  a  range  of  0-56.8  kw/m^  (0-5 

Btu/ftis).  Again  both  instruments  were  positioned  so  that  they  were  able  to  view  all  three 
of  the  fire  source  locations. 

Total  and  radiant  heat  flux  was  measured  in  the  GSK  area  by  a  calorimeter  and 

radiometer  pair  mounted  1 J  m  (5  ft)  above  the  deck  on  the  port  waU  of  the  exhmtst  shaft 

tupplyrngexhaust  fan  El-15-1.  The  calorimeter  (Medtherm  Corp.  serial  number  71882)  had 

a  range  of  0-227.2  kw/m>  (0-20  Btu/fft),  while  the  radiometer  (Medtherm  Corp.  serial 

number  50904)  had  a  range  of  0-36.8  kw/m^  (0-5  Btu/ft>s).  Both  units  were  oriented  so  that 
they  viewed  JD  2-16-0, 
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optical  Density  Meters 


Smoke  obscuration  was  measured  using  optical  density  meters  positioned  1.5  m  (5 

ft)  above  the  deck  at  two  locatkjiis.  The  fiist  was  mounted  in  GSK  on  the  aft  waU  of  the 

exhaust  shaft  supplying  exhaust  fan  £1-15-1.  The  second  was  located  in  the  starboard 

passageway  between  FRs  19  and  20.  Hese  units  measured  percent  Ught  transmitted  and 
had  a  range  of  0-100%. 

Gas  Analyzers 


Gas  analyzers  were  used  to  continuously  monitor  the  oxygen  (Beckman  Model  755), 
carbon  monoxide  (Beckman  Model  865)  and  carbon  dioxide  (Beckman  Model  865)  gal 
concentrations.  The  gas  sampling  lines  were  located  in  the  fire  space  (Storage  Area)  at  JD 
2-16-0  and  in  GSK  at  QAWID  2-17-1.  There  were  two  sampling  lines  at  each  location,  one 
mounted  61.0  cm  (24  in.)  above  the  deck  and  one  mounted  30.5  cm  (12  in.)  below  the 
overhead.  Because  of  problems  with  the  analyzer,  carbon  dioxide  measurements  at  613)  cm 
(24  in.)  above  the  deck  in  the  fire  space  could  not  be  made. 

Ultrasonic  Flowmeters 


Ultrasonic  fiowmetem  (Controltron  9000  series)  were  used  to  monitor  the  water  flow 
rates  from  fire  plug  FPL  2-19-1.  Measurements  were  obtained  from  the  starboard  side  fire 
mam,  via  a  mounting  location  at  FR  23  on  the  main  deck. 

Pressure  Differential 

Pressure  differential  across  the  boundaries  of  the  fire  space  were  measured  using  low 
differential  type  pressure  transducers  (Setra  Model  264)  having  a  range  of  0-0.9  Torr  (0-0.5 
in  H,0).  The  sensing  points  for  these  instrumentt  were  located  on  the  center-Une  bulkhead 
at  FR  17  122.0  cm  (48  in.)  above  the  deck,  and  on  the  center  of  the  aft  bulkhead  1210  cm 
(48  in.)  above  the  dmdt.  In  each  case,  the  pressure  differentia  was  measured  by  connecting 
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the  high  side  of  the  transducer  to 


a 


sensing  line  that  terminated  inside  the  fire  space,  while 


the  low  side  of  the  tmsducer  was  connected  to  a  sensing  line  that  terminated  at  the 
relative  position  in  the  adjacent  space  (GSK  and  CIC  aft  respectively) 


same 


Firefighting,  Damage  Control  and  Protective  Equipment 


Standard  Navy  firefighting,  damage  control  and  protective  equipment  used 
series  included  the  foUowing: 


in  this  test 


a-  One-piece  Navy  firefighters  ensemble  (NSN  8415-01-300-6558)  with 
DC/firefighters  helmet  (NSN84515.01-271.8069).  anti-flash  hood  (NSN  8415- 
001-268-3473)  and  firefighter’s  gloves  (NSN  8415-01-296-5766). 

b.  Fireman’s  rubber  boots  (NSN  8405-00-753-5940). 

c.  Type  A-4  oxygen  breathing  apparatus  (OBA)  (NSN  4240-00-616-2857). 

d.  Oxygen  breathing  apparatus  canisters  (NSN  4240-00-174-1365). 

e.  Helmet  lights  (NSN  6230-01-285-4396). 

f.  Anti-flash  gloves  (NSN  8415-01-267-9661). 

g.  Type  1,  3.8  cm  (1.5  in.)  360  Lpm  (95  gpm)  vari-nozzle  lAW  MIL-N.24408 

attached  to  3.8  cm  (1.5  in.)  fabric  jacketed  hose  (NSN  4210-00-255-6234). 

h.  Chemlights  (chemically  activated  markers)  Model  95270-53  manufactured  by 
American  Cyanamid. 

i.  Smoke  curtains  (NSN  4210-01-306-7826). 
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j.  Smoke  curtain  clamps  (lHOOOO-LL.CGA-2487). 

k.  NFTI  (NSN  4210-01-21307310). 

In  addition,  gloves  from  NCTF  were  used  in  these  tests.  A  1.9  cm  (0.75-in.)  hoseiine, 
described  in  (3]  was  also  used  for  overhaul  and  mop-up  operations. 

(Procedures 

Prior  to  each  test,  the  fire  area  was  cleared  of  aU  personnel  except  designated  safety 
team  members.  The  ship’s  operational  status  during  the  tests  was  Uvel  la  [15].  TTie 
designated  safety  officer  durmg  these  tests  patroUed  the  foiward  section  of  the  ship, 
primarily  on  the  second  deck.  Two  safety  personnel  were  positioned  aft  of  WTD  2-22-2  to 
pour  and  ignite  the  fuel  and  to  keep  watch  on  the  fire  while  it  burned.  An  additional  safety 
team  member  was  positioned  in  CIC  aft  to  monitor  the  observers  and  assist  in  emergency 
evacuations.  A  final  safety  team  member  was  stationed  on  the  fo’c'sle  with  the  corpsmen 

and  medical  group  personnel  to  monitor  normal  movements  of  the  attack  team  into  and  out 
of  the  second  deck  test  area. 

Pnor  to  pouring  fuel,  the  pretest  check  list  was  completed.  The  fire  pump  was 
broughton  line  at  827  kPa  (120  psi).  TTiis  resulted  in  a  nominal  flow  rate  at  the  vari-nozzle 
of  appronmately  360  Lpm  (95  gpm).  The  proper  ventilation  configuration  for  the  fire 
threat  was  aiigned  including  fan  settings  and  accesses  to  the  spaces.  Video  recorders  were 
Started  and  data  acquisition  was  initiated. 


Once  It  was  established  that  the  data  acquisition  system  was  functioning  properly,  the 
test  director  gave  the  command  to  have  fuel  poured  into  the  pans  located  beneath  the  cribs. 
Once  fueling  was  completed,  the  fires  were  ignited  and  the  fire  was  called  away  over  the  1 
MC  system.  This  was  the  signal  for  the  attack  team  to  finish  dressing  out  and  report  to  the 

fo  c  sle.  During  this  prebum  period,  fresh  air  to  the  fire  space  was  throttled  via  WTD  2-21- 
2  to  regulate  the  fuel  burning  rate. 
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It  took  an  average  10  to  15  minutea  for  the  attack  team  to  get  fully  dressed  out  and 
staged  at  Repair  2.  Once  aU  attack  team  members  were  in  place,  WTD  2-21-2  was  dogged. 
The  attack  team  then  proceeded  from  Repair  2,  manned  the  alreaify  charged  hoseiine,  and 
proceeded  through  GSK  into  the  fire  space.  In  aU  cases,  the  fire  was  fought  using  the  3.8 
cm  (1.5  in.)  handline  equipped  with  the  360  Lpm  (95  gpm)  noazle.  AU  attack  team 
memheia  wore  fuU  protection  using  Navy  firefighters  ensembles. 

For  the  offensive  fog  attack  method,  the  attach  team  entered  the  fire  compartment 

approximately  1.2  to  1.8  m  (♦  to  6  ft),  took  a  crouched  or  semi-crouched  position,  set  the 

vari  nozzle  to  the  60^  fog  pattern,  and  discharge  the  stream  upwards  at  a  45®  angle  into  the 

flammg  overhead  in  front  of  them.  A  series  of  two  or  three  short  bursts,  2-3  seconds  in 

duration  was  generally  sufficient  to  achieve  fire  knockdown.  TTie  tactics  for  the  traditional 

straight  stream  were  identical  except  that  the  nozzles  was  set  on  the  straight  stream  or  30" 

angle  position.  InittaUy  the  nozzlemen  did  not  throtde  the  flow  rate  by  opening  the  bafl 

handle  only  partially,  but  after  being  reminded  of  this  tactic  it  was  incorporated  into 
subsequent  evolutions. 

The  attack  teams  actions  for  each  of  the  tests  are  described  in  Section  8.  The 

control  room  had  continuous  WIFCOM  reports  from  an  observer  in  the  fire  compartment 
for  the  duration  of  all  tests. 


EXPERIMENTS  CONDUCTED 

Tahle31iststhefirefightingtestsconductedduringthepertod  12-16  September,  1994. 

The  mitial  six  tests  were  conducted  to  evaluate  and  compare  the  two  firefighting  tactics  on 
a  growingAteady  state  fire  witi,  obstructions  (Fire  Utreat  No.  1).  nte  next  two  tests  were 
conducted  to  evaluate  the  impact  the  obstructions  had  on  the  tactics.  The  growing/steady 
state  fire  was  used  again,  but  for  these  tests  the  obstructions  were  removed  (Fire  Threat  No. 
lA).  The  final  test  was  conducted  with  the  now  visibiBly”  fire  scenario  (Fire  Threat  No.  2). 
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Table  3.  1994  Attack  Team  Workshop  Firefightmg  Tests 


Table  4  lists  the  ancillary  research  and  evaluation  performed  concurrent  with  the 
firefighting  tests.  These  tasks  ranged  from  the  very  .specific*  with  dedicated  instrumentation 
(e.g.,  heat  stress  tests)  to  qualitative  evaluations.  In  some  cases,  data 


Table  4.  Attack  Team  Workshop  Paitidpants 


Organization 

Program  Manager/Lead  Personnel 

Activity  i 

Naval  Health  Research 
Center 

Donald  Hagen,  PluD. 
KimWiliianis,PlLO. 

Heat  Stress 
Psychobgical  Studies 

NCTRF 

Riduud  Wojtaszek 

Gloves/Protective  Equipment 

CINCPACFLTPEB 

CAFT  Condon 

CDR  Dennis 

LCDR  Guido 

Observer 

Observer 

PEB  Attack  Team  Leader 

CINCLANTFLTPEB 

LCDR  Wilkins 

Female  Attack  Team  Leader 

RUSSELL 

DCC  Miduel  Lane 

Attack  Team  DCX3 

ARPA/MSTO 

CAFT  Lowell 

Observer  | 

NDI 

DCCM  Wheelwii^t 

NDI  Equipment  | 

SWOS 

LTPickel 

Safety 

NAVSEA03G 

^ _ 

HaakKnzma 

David  Satterfield 

Dennis  McCroiy 

DC 

Firefijdtting  Doctrine 
Protective  (Equipment) 
Breathing  Apparatus  | 

Other  participating  organizations:  ATG  MIDP  AC 

USS  EMORY  S  LAND 

FTC  Treasure  Island  (A  School) 

IDA 

MPR  Associates 
CD/NSWC 
JHU/APL 
Global  Associates 


from  the  fire  test  instrumentation  was  used  to  provide  correlating  data.  Persons  interested 
in  the  specifics  of  any  particular  evaluation  are  encouraged  to  contact  the  researchers, 
engineers,  or  program  managers  listed. 
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RESULTS  OF  FIREFIGHTING  TESTS 


Fire  Threat  Repeatability 

As  was  described  previously,  it  was  important  that  the  fire  threat  developed  for  these 
tests  be  repeatable  from  test  to  test  Maintaining  this  repeatability  proved  to  be  a 
chaUengmg  task  because  the  fresh  air  supply  to  the  fire  space  had  to  be  regulated  by 
controlling  how  far  watertight  door  WTO  2-21-2  was  opened.  TTic  most  reUable  indicator 
of  repeatability  for  these  fires  was  the  average  overhead  temperatures  for  the  fire  space. 
These  values  were  also  the  most  pertinent  because  the  hot  gases  and  flames  in  the  overhead 
were  one  of  the  primary  challenges  for  the  attack  team. 


Table  5  presents  average  overhead  temperature  data  at  various  time  steps  for  tests 
F0G_12  through  FOG_19.  These  tests  aU  used  Fire  Threat  No.  1  or  No.  lA,  which  are 
essentially  the  same  fire  threat  with  and  without  the  obstructions.  The  interval  from  5  to 
10  mmutes  was  chosen  because  this  represents  the  true  growth  period  of  the  fire,  after  the 
initiating  fuel  has  burned  out  Based  on  the  data  presented  in  Table  5,  the  repeatabiUty  was 
very  good.  Mean  values  for  aU  tests  are  presented,  along  with  the  standard  deviations.  The 
standard  deviations  are  in  the  range  of  2-7%  of  their  respective  mean  values,  indicating 
good  repeatability  of  the  fire  threat  as  characterized  by  average  overhead  temperatures. 

The  data  presented  in  Table  5  also  confirms  that  for  all  tests,  the  goal  of  providing 
a  fire  that  was  at  or  near  flashover  was  achieved.  All  average  temperatures  are  above  500"C 
(932  F),  and  at  the  12  minute  mark,  6  of  the  8  tests  had  average  overhead  temperatures  in 
excess  of  60(fC  (1112*F).  WhUe  these  values  tended  to  be  less  at  the  time  of  entry  into  the 
compartment,  qualitative  observations  of  the  attack  team  and  safety  team  members  in  the 
fire  space  confirmed  that  there  was  flaming  in  the  overhead  in  all  cases. 
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Table  5.  Average  Overhead  Temperatures  at  Various  Times 


Test  No. 

Fire 

Threat 

Maximum 
Temperature  (®C 

CF)) 

for  S<10  Minute 
Interval 

Temperature 

(-C(T)) 

@  12 
Minutes 

Tune  of  Entry 
Into 

Compartment 

(min) 

Temperature 
(•C  (T)) 
at  Time  of 
Entry 

FOG.  12 

1 

615 

585 

15:30 

583 

FOG-13 

1 

S86 

604 

14:48 

541  1 

FOG-14 

1 

590 

622 

14:57 

■ - - - 

517 

FOG-15 

1 

601 

655 

13:23 

647 

FOG-16 

1 

593 

602 

12J7 

590 

FOG-17 

1 

602 

595 

13:33 

587 

FOG-18  ! 

3 

595 

632 

12:07 

631 

FOG-19 

579 

620 

13:03 

632 

595 

614  1 

13:45 

591  1 

10 

21  1 

1:00 

izid 

General  Results  of  Firenghtiiig  Evolutions 


Measures  of  Performanr^ 


In  order  to  compare  the  test  results,  measures  of  performance  to  evaluate  heat, 
steam,  and  fire  threat  experienced  by  the  attack  team,  as  well  as  the  water  usage  were 
developed.  The  analysis  of  the  Phase  I  Scoping  tests  data  [13]  indicated  that  wood  crib 
thermocouples,  overhead  and  string  thermocouples,  calorimeters,  pressure  transducers,  and 
flowmeters  aU  provided  measures  of  performance  in  the  medium  scale  tests.  The  Phase  H 
test  plan  [14]  lists  the  measurements  considered  important  for  the  full  scale  tests.  Of  the 
six  measurements  identified,  five  proved  to  be  useful. 
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The  five  measurements  determined  to  best  demonstrate  the  effectiveness  of  a  given 
attack  method  were  as  follows: 

(1)  Wood  crib  thermocouples; 

(2)  Average  of  overhead  thermocouples  in  the  fire  space; 

(3)  Upper  vs.  lower  calorimeter  (total  heat  flux)  in  the  fire  space; 

(4)  Average  of  upper  three  string  thermocouples  vs.  Average  of  lower  three  string 
thermocouples  for  strings  in  the  fire  space;  and, 

(5)  Cumulative  total  water  used. 

The  wood  crib  thermocouples  showed  when  the  fire  was  knocked  down,  when  it 
flared  up.  and  when  it  was  finally  extinguished.  One  thermocouple  from  each  wood  crib  was 
selected  for  reporting  based  on  the  data  it  showed  and  it’s  correlation  with  recorded  events. 

The  average  overhead  temperatures  showed  the  thermal  threat  existing  in  the 
overhead  and  how  well  it  was  controlled.  This  data  also  provided  an  indication  of  when 
reflashes  occurred. 


The  calorimeter  and  thermocouple  string  data  demonstrated  how  much  the  thermal 
balance  within  the  fire  compartment  was  disturbed.  For  the  Phase  I  scoping  tests,  the 
thermocouple  string  data  did  not  show  the  disturbance  in  the  thermal  balance  nearly  as  well 
as  the  calorimeters.  However,  for  the  fuU-scale  tests,  the  correlation  between  the 
calorimeter  and  thermocouple  string  data  was  better. 

The  pressure  transducer  data  was  not  included  as  a  measure  of  performance  because 
the  units  were  out  of  service  for  most  of  the  tests. 
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Tie  results  of  the  Phtute  II  firefighting  tests  are  documented  in  this  section.  The 
pnncipal  variables  tor  each  test  were  identified  in  Table  3.  For  each  test,  there  is  a  brief 
descnpnon  of  the  evolution,  a  timeline  of  events,  and  data  graphs  showing  the  measures  of 
performance.  Representative  data  for  all  data  channels  are  given  in  Appendix  B 


FOG-12 

Tliistestwasperformedusingthettaditionalstraightstreamtactic.  ITte  attack  team 

^  comprised  of  peisonnel  from  the  Precommissioning  Unit  of  the  RUSSEL.  Fite  Tlireat 

.  o.  1  was  used.  The  hoseline  was  manned  and  entry  was  made  at  15:30  after  ignition.  Fire 

onditions  at  that  time  were  reported  to  be  a  homogeneous  smoke  layer  with  flames  visible 
in  the  overhead. 


of  three  short  bursts  with  a  narrow  angle  fog  directed  off 

the  overhead  and  bulkheads.  This  resulted  in  heavy  steam  conditions  with  minimal  or  no 
conttol  of  the  fire  mtd  stemn  bum.  to  the  team  leader's  and  nooleman's  wrists.  As  the 
attack  temn  backed  out,  the  temn  leader  lost  his  OBA  seal  and  had  to  be  replaced  by  the 
hoseman.  The  fire  compartment  was  then  fully  involved. 

A  second  attack  was  attempted  from  the  doonvay.  A  single  burst  with  a  nar«n, 

angle  fog  darkened  down  the  fire  enough  for  the  atteck  team  to  attempt  re-entry,  but  steam 
dons  and  reflashes  forced  them  back  to  the  doorway  where  six  more  bursts  knocked 
down  continuing  reflashea  The  nozxlemm.  was  relieved  and  five  more  butste  from  the 
oo^y,  mostly  directed  at  the  overhead  or  bulkheads  in  an  attempt  to  deflect  water  past 
die  obstructions,  were  unable  to  control  the  reflashes.  He  notxleman  was  reUeved  again 
and  two  more  attempts  were  made  from  the  doorway  to  control  the  fires,  with  similar 

results.  At  24:42  mmutes:seconds  after  ignition,  the  safe^  team  relieved  the  attack  team 
and  the  evolution  was  terminated  Tabl»  ^  ckM..  ^ 

*  *“*®®s®®ws  the  sequence  of  events  for  this  test  while 

Figs.  12  and  13  present  the  measures  of  perfoimance  data. 
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Table  6.  -  Timeline  of  Events  for  FOG„12 
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TEMPERATURE  (‘C)  TEMPERATURE  (*C) 


42 


-5 


Total  Heat  Rux  Data  For  Test  FOG  12 
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“  Total  heat  flux  and  average  string  temperatures  for  FOG_12 
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FOG  13 


™s  test  was  perfonned  usiiig  the  oCfeosive  fog  tactic,  the  attack  team  was 

comprised  of  penonnel  from  the  all-female  team.  Fire  Threat  No.  1  was  used.  Tie 

hoseline  was  manned  and  entiy  was  made  at  14:4«  after  ignition.  Fire  conditions  at  that 

tune  were  repotted  to  be  reduced  visfcOity  with  fire  in  the  overhead  and  a  slight  there..i 
challenge. 


■*‘*'^‘“»*^~t«i»ted  of  three  short  bursB  with  a  medium  angle  fog  dirmited 

toward  the  oirerhead.  Tliis  knocked  down  the  fire  enough  that  the  attack  team  was  able 
to  move  toiward  for  a  straight  stream  attack  on  the  seat  of  the  fire.  A  total  of  eight  bursts 

were  used  on  all  three  of  the  fire  areas.  This  resulted  in  an  increase  in  steam  condhioiis, 

ut  no  burns.  During  the  straight  stream  attack,  the  team  leader  had  to  leave  and  was  not 

unmedmtely  replaced.  Without  direction  from  the  temn  leader  and  wid.  - - at..-. 

increasing,  the  attack  team  backed  out  to  the  doorway. 


After  regrouping,  a  medium  angle  fog  attack  at  45*  angle  in  hot  gas  cloud  of  the  fire 

compartmentwasperformedfromthedooreaqr.  The  attack  team  reentered  and  used  three 
short  bum.  of  straight  stream  to  knock  down  refiarima  Rre  Area  Na  1  reflashed  agrin. 

forcmg  the  attack  team  to  back  out  After  a  long  bum  from  the  dootway.  the  team 
membere  changed  positions  and  reenrered  for  a  third  ariempt  After  five  more  stmight 
stream  bum,  at  Fire  Areas  No.  1  and  No.  2.  the  attack  team  backed  out  and  safety  took 

<wr.  Fires  were  stiBbuniing  in  aU  fire  areas.  Table  7  diow.  the  sequence  of  events  for 

thB  rest  while  F«a  14  and  15  present  file  nmanire,  of  perfinnmace  data. 
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Table  7 .  -  Timeline  of  Events  for  FOG 
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TEMPERATURE  ("C)  TEMPERATURE  (“C) 


Wood  Crib  Temperatures  For  Tost  FOG  13 
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TIME  FROM  EhfTRY  INTO  RRE  COMPARTMENT  i 


Average  Overhead  Temperatures  For  Test  FOG  13 


■»  o  8  10  12 

time  FROM  ENTRY  INTO  RRE  COMPARTMENT  (min) 

Ftg.  14 -Wood  crib  and  av«ag«overtieadteinp««ures  for  FOG  13 
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TOTAL  HEAT  FLUX  (kW/m^ 


2  4  6  8  10  12  14 
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TIME  FROM  ENTRY  INTO  FIRE  COMPARTMENT  (min) 


Fig.  15  •  Total  heat  flux  and  average  string  temperatures  for  F0Q_13 
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FOG  14 


Thistestwaspcrfoimcdusingthctraditionalstraightstrcamta^^  The  attack  team 

was  comprised  of  PEB  personnel.  Fire  TTireat  No.  1.  TTic  faoseiine  was  manned  and  entry 
was  made  at  14.57  after  ignition.  Fire  conditions  at  that  time  were  not  reported. 

The  initial  atlad:  consisted  of  two  sh<Mt  bursts  with  a  narrow  angle  fog.  Thisresulted 

m  heavy  steam  conditions  and  fire  remained  in  the  overhead.  After  three  more  short 
bursts,  the  attack  team  was  able  advanced  to  Fire  Area  No.  2.  TTiey  stood  up  and  attacked 
Fire  Areas  No.  2  and  No.  3  with  short  bursts,  but  a  reflash  in  Fire  Area  No.  1  and  the 
overhead  caused  them  to  back  off  and  attack  Fire  Area  No.  1.  After  two  short  bursts  they 
backed  out  to  the  doorway.  All  three  fire  areas  were  still  involved. 

A  second  attack  was  attempted  from  the  doorway  using  three  quick  3.5s  bursts. 
TTiesc  had  minimal  effect  and  with  all  fire  areas  still  involved,  the  attack  team  reentered  the 
compartment  They  tried  one  burst  and  had  to  back  out  to  switdi  nozzlemen.  A  third 
attack  from  Ac  doorway  consisting  of  four  short  bursts  stiU  had  no  effect  on  Ae  fire.  At 
22KX)  after  ignition,  Ae  safety  team  retieved  Ae  attack  team  and  Ae  evolution  was 

termmated.  Tables  AowsAe  sequence  of  events  for  this  test  while  Figs.  16  and  17  present 

Ac  measures  of  performance  data. 
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Table  8.  -  Timeline  of  Events  for  FOG  14 


TtawRom 

eev 


EMnlfTkiM  From 


•14:87 


tCPMon,  Fto  Pm^CatMAomr 


Toam  Eniy,  minmael 


ofWi 

L 


UMd 

<at^ 


O  <0) 


OlraeiAllMk  <1:081 
Ofcw»Alt>o8miFlmA*— Ottnaatt. 
,p\  Shoot  Swot.  FIro  Aroaon  WoSoihoo  <1:13) 


200 


200 


4:00 


200 


Up  for 


■  -  _ - OS  ana  asaoho  FkaAiaaPI,  Strotpht 

t^Siaam.  Shoot  SwPoOO)  (1:48) 

■••So  OiS  of  Cooiioaitmaiit,  A8  Thraa  Fka  Araaa 

uA??******<“^ 

[\Mla8kSramOooi«mK  M  a  Barala<2MI| 

•  ^4e8ahFwmDoomia».>SaBuwtaOQ)0:lS> 

it/ 

I  \  •««■<*  vwBiiMwigiaetwam.  Shoot  Buoat<2as» 
TaoMfoBaohoOutei 
r^simsoQfoes) 

'  '  From  Door,  Short  Burato(»«)(&1S) 


7fl0  • »— Fim  FIgNtnq  Emlulloii  TormPoOia.  OiauQ  Toam  Rolawod 

tySatot»<r:8a) 

SaMr  eaHnouMtoo  SomoMoio  Flro<7:43) 

200  " 


11  (3) 

23  (O) 

30  (8) 
38  (10) 

4S  (12) 

76  cun 

S3  (22) 
106  (28) 


273  (72) 


IOdOO" 

1190*' 

1290’' 

120O<> 

1490* 


FkpOootoiaaOut, 


Spaoa  VooPoa  Uotno  ei-18<2  (1248) 
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TEMPERATURE  (“C)  TEMPERATURE  ("C) 


Rg.  16  -  Wood  crt)  and 


average  overhead  temperatures  for  FOG  14 


TEMPERATURE  (*C) 


4  6  8  10  12 

TIME  FROM  ENTRY  INTO  RRE  CXSMPARTMENT  (min) 


FtQ,  17  -  Total  heat  flux  and  average  string  temperatures  for  FOQJ4 

51  ~ 


FOG  15 


This  test  WM  a  repeat  of  FOG_12,  except  that  the  offensive  fog  tactic  was  used. 

»“y  was  made  at  13:23  after  ignition.  Fire  conditions  at  that  time  were  reported  to  be  Bie 

m  the  overhead,  warm  but  not  hot,  and  good  visfitility. 

consisted  of  three  diort  2.3s  bursB  with  a  medium  angfc 

at  a  45*  angle  into  the  flames  in  the  overhead.  Tlii,  resulted  in  steam  bankhig 

owntothedeekleveUoflameswerevisible.  CondMonswerestflltenableenoughfarthe 
team  to  advance  and  attack  the  fire  sources  dirmnlp.  After  four  bursts  with  a  stmight 

stream,  the  team  changed  noolemen.  The  original  nozzleman  had  to  leave  the  space  at  this 
tmie  due  to  steam/heat  stress.  After  two  more  longer  bursts,  the  attack  team  repotted  no 
^e  flaming  and  changed  noxzlemen  again.  After  attacking,  rotating  nontlemen,  and 

“ackmg  one  more  tune,  the  team  stood  up  for  final  extinguishment 

Fto*l«s«ing«ishmentre<piiredfo.rloiigerb«rsts(3.10s).  At  1931  after ignithm, the 

team  reheved  the  attack  team  and  declared  the  fire  out  without  having  to  use  any 

erwater.  Table  9  shows  the  sequence  of  events  for  this  test  while  Figs.  18  and  19 

present  the  measnres  of  peifoimance  data. 
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Table  9.  -  Timeline  of  Events  for  FOG  1 5 
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TEMPERATURE  (“C)  TEMPERATURE  (*C) 


Wood  Crib  Temperatures  Fbr  Test  FOG  is 


ciefa.T(M 


TIME  FROM  EhfTRY  IMTO  RRE  COMPARTMEMT  (mh) 


Average  Overhead  Temperatures  For  Test  FOG 


TIME  FROM  BfTRY  IhfTO  RRE  COMPARTMEfTT  (min) 

Fig.  18  -  Wood  crib  and  average  overhead  temperatures  for  FOG  15 


FOG  1( 


This  test  was  a  repeat  of  FOG_13,  escept  that  the  tiaditiotial  straight  stream  tactic 
was  used.  Entiy  was  made  at  12:37  after  ignition.  Rre  conditions  at  that  time  were 
reported  to  be  fire  in  the  overhead,  but  not  much  heat  and  good  visibility. 

The  initial  attack  consisted  of  a  3.5s  burst  with  a  narrow  angle  fog.  Thismanaged 

to  knock  down  fte  fire  in  Fire  Areas  No.  2  and  Na  3,  bnt  fire  remained  in  the  overheml 

and  steam  condMonsweresignificantlyincreased.  A  short  burst  was  directed  at  Hre  Area 

No.  1  and  then  die  attack  team  had  to  back  out  of  the  compartment 

After  peisonnei  were  repositioned  on  the  hoseBne,  a  second  attack  was  attempted 

from  the  dootway.  After  two  short  bursts,  the  team  again  backed  out  The  attack  team 

repoeititmed  on  the  hoseBne  once  more,  and  the  team  leader  had  to  be  reheved.  Sctbntsts 
from  the  doorw^  were  still  unable  to  contnd  the  continued  reflashes.  The  attack  team 

attempted  to  reenter  the  spare,  but  was  forced  bat*  out  by  the  heat  and  steam  conditions. 
After  four  more  bursts  from  the  dootway,  another  attempt  was  made  to  reenter  the  vpfv 

Two  short  bursts  from  inside  the  doonray  were  umfote  to  contrd  the  fire  and  the  atmek 

temn  had  to  back  out  again.  At  21:14  minutesseconds  after  ignition,  the  safety  <»»■<■ 

reUeved  the  attack  team,  ending  the  evolution  with  the  compartment  fuBy  involved.  Table 

10  shorn  the  sequence  of  events  for  this  test  while  Figs.  20  and  21  present  the  measures  of 
perfonnanoe  data. 
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Tim*  From 
AttMKTMm 
Eflfey 


Table  1 0.  -  Timeline  of  Events  for  FOG  1 6 


Evwn  (TIim  From  Attack  Team  Entiy.  minaac) 


CtanmutattvaTotil 
of  Watartlaad 
I-  (ge) 


IOnitton,Fira  Patty  Called  Away  q 

T^JwEidamC^  Advanoaa  0.9-1^  II) 

'  InMa  Ooofway,  Rapotta  Good  VWbiMy.  Net  Muett  Ha^ 

/  InlttalAtta^  wet  StfaiqtttStraam.3«5  a  Burst  Khocka  Down 
nomas  In  FlraAisaa«2  and  «3  (0:32)  15  (4) 

“  "|*^yw*aFlralnOvamaad.  HsawStaam 

.CoadHensdkST) 

Burnt  (0:43)  20  (7) 

V^^?***^T?**  **n*<^<*^»«»e>niiant.l?atioaiiloni(lanieia<l:03) 

^ ‘TOlii?TiBm  '*^**"^**”*****' Short  Burst  (1:22)  38  (10) 

^Attack WHh  Straight  ^asm^Short  45  (12) 

Say^gpBaekaOutofCompsnmm^ 

HandUna.  Attacks  From  Ooonway 

yWWiSlislohtStraam.  Short  Burst  (2:53)  40  (13) 

SaSitlaSSi^j??  im?*"  Straight 

'jssam,  snort  Bursts  (xS)  (3:00)  68  (I8) 

T®®g  gyotts  Rra  StiU  Bumino  m  Rra  Araas 

^Attsak^Tasm  Aiiomim  to  Ra-atiiorComponmaitt,  Pofoad  Out  (4:11) 

AttmkRamOochsay.  10-15  s  Burst.  |jaMtFloar(4:21)  87  (23) 

~A8ook  From  OoohMay,  10-15  s  Burst,  Lost  Float  (9r17)  05  (25) 

-Attack  From  Ooonway.  5-10  s  Burst,  Low  Row  (5:30)  102  (27) 

""Attack From Dooiway.SttoitBuwto 0(2)  (5:03)  110  (70) 


'  AttackTaam  Ra-antaia  Compartment  (5:57) 

Attack  With  Straight  Straam,  Short  Bursts  (x2)  (7:04) 


128  (34) 


■  f***®  nra  Comp^nant  Final  Tima,  Rakawad  By 

8ala*y,  Firs  Compartmant  Slii  Fully  tawolvad  (8:37)  ^ 

‘  Safsty  Team  Ra  atsats  Rra  Compartmant,  EttinouMioa  Fka  (853) 


447  (lie 


■  nta  Oaelarod  Oia.  Spaea  Vantod  Uatng  El-152  (1 323) 
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Wood  Crib  Temperatures  For  Test  FOG  16 


Clto«2,MUdto 

Ciei9.Too 


0.  400 


OL  400 


TIME  FROM  ENTRY  INTO  RRE  COMPARTMENT  (min) 


Average  Overhead  Temperatures  For  Test  FOG  16 


TIME  FROM  ENTRY  INTO  RRE  COMPARTMENT  (min) 


Wood  crib  and  average  overhead  temperatures  for  FOG  1 6 


FOG  17 


This  test  was  a  repeat  of  FOG_14,  except  that  the  offensive  fog  tactic  was  used 
Entry  was  made  at  13:33  after  ignition.  Fire  conditions  at  that  time  were  reported  to  be 
flames  in  the  overhead  above  Fire  Areas  No.  2  and  No.  3. 


The  initial  attack  consisted  of  three  short  bursts  with  a  medium  angle  fog  directed 

at  45*  angle  over  the  locker  in  front  of  Fue  Area  No.  2.  The  initial  burst  caused  the  fire 

to  flare  up  behind  the  locker,  but  this  was  quickly  knocked  down  by  the  subsequent  bursts. 

Visibility  was  also  reduced  somewhat,  but  the  attack  team  was  still  able  to  advance  to 

the  seat  of  the  fire  directly.  After  two  direct  attacks  using  3.5s  bursts  with  a  straight  stream. 

the  nozzleman  was  relieved.  Four  more  short  bursts  were  directed  at  the  sources  of  the 

fires,  and  die  nonleman  was  again  reUeved.  At  this  point,  the  fire  reflashed  in  Fire  Area 

No.  1.  This  threat  and  other  hot  spots  were  controlled  by  the  more  short  bursts  before  the 
nozzleman  was  relieved  again. 

As  itediroaattaAcontioued,  the  fife  m  Fire  Are.  Nalrefladied  twice  more.  A 
total  Of  nine  bersts  were  required  to  coetrol  this  proWOT  At  IWS  after  ignition,  the  fire 

was  deelared  out  and  the  safety  team  reUeved  the  attach  team.  Table  11  shows  the 

sequence  of  events  for  this  test  while  Figs.  22  and  23  present  the  measures  of  performanee 
data. 
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_ Bwf*  (TTm*  From  Attack  Tmmm  Entry.  min»«e> 


Ignitten.  Rra  Patty  Cailad  Away 


O  (O) 


/JSK  JKX2KS  wSoT** 


itS^nSnSSSSSSTtSlilSSf-'^ 


’TSSSSaSXSSSS!!^’^*^'^^ 

^OlPM  AIM  VMh«MgM8«raMn.  3-«  •  eurat  (0:88) 

.awMAAiM. 

'OtraakAaaek.  Short  Quiek  Burata  (X3)  (1 :33) 

'Oiroel  Attaek.  3-6  a  Bunt  Off  WaU  (2:03) 

~HnTffaniaii  Ralawak  (2:07) 

^Raflaah  in  Fka  Araa  #1  (212) 

^OMAttaek^^wn  Quick  Burata  (*S).  To  AU  Thraa 
nra  Araaa  (228) 

^  NckBaaian  Ralatad  (214) 

^Ohact  Attack  to  Flra  Araaa  ff3  and  #1.  3-5  a  Burata  (x2)  (3:30) 
^Flra  Raportad  In  Ovarttaad  ef  Flra  Araa  #1  (4:12) 


34  (9) 


46  (12) 
81  (18) 

98  (26) 
12S  (33) 


216  (57) 


254  (67) 


276  (73) 


.  OIraet  Attack  to  Flra  Araa  *1.  Short  Qutek  Burata  (x3)  (4:33)  303  (60) 

^OkactAttackta  Flra  Area  1  Ovathaad.  3-5  a  Burata  <>a)  (5:19)  360  (95) 


-Safaty  Cortducta  Ovartiait  (7:34) 


397  (105) 


-Fha  Raportad  Out  Spaea  Vantad  Uakio  £1-15-2  (1217) 
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TEMPERATURE  (»C)  TEMPERATURE  (*C) 
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Total  Heat  Fhix  Data  For  Test  FOG  17 


Mmeeoe. 

oampecSL 


FOG  It 


TtotetwMpeifonnediismg  the  Mditlonil  straight  stream  tactic.  The  attain  team 
was  comprised  of  personnel  from  the  Precommissioiiing  Unit  of  die  RUSSEL.  Fire  Threat 
No.  lA.  whidi  was  essentially  the  same  as  Fire  Threat  No.  1  vrithout  the  obstrucdons,  was 

used.  Entry  was  made  at  12K)7  after  ignititm.  Fire  conditions  at  that  time  were  reposted 

to  he  heavy  fire  in  Fire  Areas  Na  2  and  Na  3  with  flames  rolling  across  the  overhead. 
The  initial  attack  consisted  of  two  short  bursts  vvith  a  narrow  angle  fog  directly  on 

the  «»rce  of  the  fire  in  Areas  Na  2  and  Na  3.  At  that  point,  Fne  Area  No.  1  flared  up 
and  it  was  immediately  knocked  down  with  an  additional  burst  The  attack  team  reported 

medium  to  heavy  steam  with  no  visible  flames.  The  nozileman  was  then  relieved.  The 

attack  w»  cootinned  with  four  more  bursts  of  straight  stnam  before  the 

agam  relieved.  At  this  point  the  fire  reflaahed  in  Fire  Area  Na  L  but  was  T-faHy 

controlledwith  two  short  bursts.  Five  more  quick  bursts  to  the  other  fire  areas  suppressed 

the  remaiiiing  flames. 

The  te«m  leader  then  advanced  to  the  fire  areas  to  investigate  fOT 

of  sixteen  short  bursts  were  needed  to  complete  overhaul.  Finally,  mop-up  was 

accompli^ed  with  a  1.9  cm  (0.75-in.)  hoseline.  The  fire  was  declared  out  at  21:10  after 

Ignition.  Table  12  shows  the  sequence  of  events  for  this  test  while  Figs.  24  and  25  present 
the  measures  of  performance  data. 
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TlfMFfaiii 

AltMtcTMl 

Enby 

(w*riw| 


Table  12.  -  Timeline  of  Events  for  FOG_1 8 


Prom  Altaett  Toam  EiWy.  mln.*OM) 


^r^>pnMiin.FlmPomfrnortA>m» 

^  epewn  to  Hoowy  stawn.  MontoiMn 

Oltaet  Attaok  WMi  smbm  Simaai.  stMit  Buniaoe)  (0:37) 
) .  P-~  PSMKTaam  RapoiioNa  VliMa  FlMnoa<0:83) 

—  OliactPMBoH.  Short  Bumt(im) 

—  “wessaon  Short  »Bot  (i:i3) 

M— IIP!  . 

•—  nsort  ASauh  on  nro  Aiaasi.  Short  Buramoo)  (iai) 


CuimMhoTotrt 
of  water  Uood 
i-  (gs) 


O  (O) 


>  Otoaot  ASaetc  Short  Bunt  (1:92) 

’  OhaetAtteetc.  Short  Quiok  Burote  OO)  (2:05) 

•  Ohaot  Attaok.  3-5  a  Bunto  OO)  CZ22) 

‘  BgP, » Jf  »<■>  Wh  PlortSoht  Rooeite  Wo 


•  OSacft  ASaok  an  Hot  spate.  Short  Smate  oee  ot:SS> 
>  OSaotArtoeh  on  Hot  Spate,  10-15  a  Surat  (SnS) 


IS  (4) 
IS  (5) 


30  (8) 

38  (10) 
42  (11) 

40  (13) 

61  (16) 
78  (20) 

120  (32) 


120  (34) 
170  (47) 


'  OfTM  ASaek  Short  Bunt  (4:ie) 
ASocttTaamAthmiteoatePlroAfaaitt(4a3) 
OtractAttaolc  on  Pira  Arao  03.  Short  Bwalo  0^  (4:33) 


193  (51) 
207  (54) 
220  (58) 


OIroetASaeic,  Short  Buiat  (4:54) 

•  Toam  Loadte  sno  Wteorti  Waiuii.  RoquoaiRoM(8.‘Oe) 

AStete  Toam  CoMnuoaOnrhaul.  MuWpte  3-8o  euiate(»S)  (5:23) 


235  (62) 


326  (88) 


‘  »")Hoi>|Soortomoi»aaPiomCBmportmoio.  1.0  cm 

(.75  In)  Heoatew  Brought  In.  Pinal  Mop  Up  Comptetad  (6:12) 

Pka  Oaoteiad  Ote.  Spoea  Voniad  ualna  El-15-2  (0:03) 


347  (91) 


Coiwpaitmom  (10:12) 
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TEMPERATURE  (“C)  TEMPERATURE  (“C) 


TIME  FROM  ENTRY  INTO  RRE  COMPARTMENT  (min) 


TIME  FROM  ENTRY  INTO  RRE  COMPARTMENT  (min) 


Rg.  24  -  Wood  crib  and  average  overhead  temperatures  for  F0Q__1 8 
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Total  Heat  Fhix  Data  For  Test  FOG  18 


^...04  me  ace. 


FOG  19 


This  test  was  a  repeat  of  FOG_18  except  that  the  offensive  fog  tactic  was  used  and 
the  attack  team  consisted  of  members  of  the  all-female  crew.  Entry  was  made  at  13:03  after 

ignition.  At  that  time  the  compartment  was  reported  to  be  well  involved  with  flames  in  the 
overhead. 


The  initial  attack  consisted  of  three  quick  bursts  with  a  medium  angle  fog 
at  45“  angle  at  the  fire  in  the  overhead.  This  resulted  in  steam  banking  down  and  visibility 
being  reduced.  The  team  leader  reported  no  visible  flames,  and  the  nozzleman  was  relieved 
due  to  steam/heat  stress.  Three  more  fog  attacks  only  had  the  effect  of  increasing  the  steam 
insult  Despite  the  steam  conditions,  the  attack  team  was  able  to  position  for  their  direct 
attack.  The  direct  attack  consisted  of  four  bursts  with  a  straight  stream  directly  at  the  seat 
of  the  ffres.  With  no  visible  flames,  the  attack  team  backed  out  to  the  doorway,  looking  for 
hot  spots  >vith  a  flashlight 


A  total  of  six  bursts  of  straight  stream  were  directed  from  the  doorway  before  the 
nozzleman  had  to  be  relieved  again.  After  one  more  burst,  the  3.8  cm  (1.5-in.)  hoseline  was 
replaced  with  a  1.9  cm  (0.75-in.)  hoseline  for  overhaul.  Only  one  hot  spot  was  found  and 
the  fire  was  declared  out  at  18:53  after  ignition.  Table  13  shows  the  sequence  of  events  for 
this  test  while  Figs.  26  and  27  present  the  measures  of  performance  data. 
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Table  13.  -  Timeline  of  Events  for  FOG 


ncyl  Evr»  (TTiw  From  Attack  T— m  Eniry,  mtnaao) 

r—*  Igneon.  Ri»  Pwty  Called  A»wy 


TlfflaFfam 

AUaekTtm 

Entry 

(mfetMol 


nn— m  Orrwtund  fffcOO) 

ftenPwiod,  StMmeantcad  Down  (0:12) 
A^TnnmR«pcm>teVieaaH«iw»MoQaaiwnnRnlaMad(0:l7) 
^  ASMk.  Ofeigln  »«  •  Bufat,  Me«*  aHMin  (037) 

Edo  AllMit.  Exiandnd  1M0  •  Bunt,  aw  Moi*  SiMMn  (0:37) 


Po0  ABBOk.  S*10  n  Bunt  EMtowMl  InniMcliBlsIy  toy  34  n  c 
•PUBBInd  Ftowf,  ntann  OW  H— ay  (132) 

ABMkT—nPnWoni  For  OtoactABMic  (1:17) 

OtoMtAttaokVMlh  Straight  atiMm,  34nBurat(13S) 

Aiiaelc  TMm  Rnpwn  No  VtaMn  Rnmn  (l:3S) 

OIract  ABnek  ra  PIra  Arau  #1 ,  Short  Bunt  (231) 

OIraot  Attack  at  Flra  Araa  «3, 3-S  a  Burata  (x2)  (2:00) 


>WMk  TawnSaeka  Out  to  Oeeraray.  Uaaa  FlaahMghtto  Look 
tar  Flra  or  Hot  Span  (2:17) 

OIract  Attack  From  Doorway,  Short  Surat  (2:31) 

OIract  Attack  From  Doorway,  Short  Burata^)  (233) 

Otoaot  Attack  Short  Burat  (3:17) 

Noartaman  Rrlawid  (336) 

OIraot  Attack  Short  Surat  (3:51) 

3.8cm(1.S  In)  HoaoNrta  Backed  Out  of  Compartonant 
Raptaoad  by  i.o  cm  (.75  In)  Hoaallna  (4:15) 

Ovartiaul  in  FIra  Araa  *1 .  Short  Burat  (4:34) 


CtwwtaiiiaTctot 
of  Water  Uaad 

L  m 


O  (O) 


11  (3) 

2e  (7) 
«4  (17) 

«3  (22) 


05  (25) 


102  (27) 
125  (33) 
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Ftg.  26  -  Wood  crib  and  average  overhead  temperatures  for  FOG  1 9 
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TEMPERATURE  (“C) 
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TIME  FROM  ENTRY  INTO  RRE  COMPARTMENT  (min) 


Avg.  Upper  vs.  Lower  Strina  Temoeratures  For  Faa  1  a 


TIME  FROM  ENTRY  INTO  RRE  COMPARTMENT  (min) 


Rg.  27  -  Total  heat  flux  and  average  string  temperatures  for  FOG  1 9 


FOG  20 


This  test  was  the  "low  visibility"  scenario  using  Fire  Threat  No.  2.  The  attack  team 
was  comprised  of  personnel  from  the  PEB  crew.  At  12:51,  the  attack  team  entered  the 
starboard  passageway,  where  visibility  was  still  good  despite  light  smoke.  At  14:32,  the 
attack  team  entered  GSK,  where  visibility  was  poor  and  the  heat  conditions  were  more 
noticeable.  The  team  leader  decided  that  the  NFTI  was  needed  in  this  compartment  At 
16:21,  the  attack  team  entered  the  fire  compartment  The  team  leader  reported  no  visible 

flames,  but  he  could  hear  the  fire  crackling.  The  NFTI  was  abandoned  because  of  white^ut 
from  the  intense  heat 

The  initial  attack  consisted  of  three  short  bursts  with  a  medium  angle  fog  at  a  45“ 
angle  from  just  inside  the  doorway.  With  conditions  still  tenable,  the  attack  team  advanced 
0.6-0.9  m  (2-3  ft)  further  in  and  began  direct  attacks  with  a  straight  stream.  After  ten 
bursts,  the  team  advanced  still  further  in.  After  two  more  bursts,  the  team  leader  had  to 

be  relieved.  The  direct  attack  continued  with  five  more  bursts.  As  the  attack  team 
continued  to  advance,  they  reported  that  the  compartment  was  noticeably  cooler.  After 
three  more  bursts  the  attack  team  was  able  to  begin  overhaul.  Overhaul  was  eventually 
completed  with  the  1.9  cm  (.75.in.)  hoseline  and  at  27:06  after  ignition,  the  fire  was  declared 

out  Table  14  shows  the  sequence  of  events  for  this  test  while  Figs.  28  and  29  present  the 
measures  of  performance  data. 
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Table  14. -TimeUne  of  Events  for  FOG  20 
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Wood  Crib  T emperatures  For  Test  FOGJ20 


Average  Overhead  Temperatures  For  Test  FOG_20 


Rg.  28  •  Wood  crib  and  average  overhead  temperatures  for  FOG_20 
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TEMPERATURE  (“C) 


SpeciGc  Findings 

The  {<dlo»ing  specific  findings  were  developed  based  on  comments  and 
presented  during  the  debriefings. 

Tactics  and  Procedures 

(1)  In  general,  the  growing/steady  state  fire  (FOG_12  -  FOG__19)  provided  a 
challenging  thermal  threat,  but  conditions  (visibility  and  heat  threat)  were 
such  that  a  direct  attack  as  defined  in  NSTM  555  could  be  attempted. 

(2)  Lack  of  knowledge  of  the  compartment  layout  and  the  need  to  determine  how 
to  best  get  around  the  obstruction  slowed  down  the  attack  sufficiently  that 
controlling  the  overhead  fire  became  a  primary  requirements. 

(3)  The  offensive  fog  attack  using  a  medium  angle  fog  stream  directed  at  a  45" 
angle  up  into  the  flaming  overhead  resulted  in  the  least  amount  of 

disturbance  to  the  thermal  layer.  Whilesteam  was  produced,  it  was  described 

as  more  of  a  moist,  "sweaty"  type  of  steam  rather  than  a  hot,  penetrating 
steam. 

(4)  The  traditional  straight  stream  attacks  conducted  in  accordance  with  NSTM 
555  typically  resulted  m  large  amounts  of  steam  being  generated.  This  was 
attributed  to  the  fact  that  the  hose  streams  had  to  be  deflected  off  hot 
bulkheads  and  the  overhead  to  get  water  on  to  the  seat  of  the  fire. 

(5)  In  situations  where  the  attack  teams  had  to  back  out  of  the  space,  it  was 
generally  because  of  the  steam  threat  rather  than  the  heat  threat 

(6)  The  offensive  fog  attacks  resulted  in  no  bums  to  the  participants  wlifle  the 

traditional  straight  stream  attacks  resulted  in  bums  to  the  hands,  wrists,  feme, 
neck,  and  back. 
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(7)  Water  management  is  important  when  controlling  the  overhead  &e, 
particularly  when  using  a  straight  stream  or  narrow  angle  fog.  Excess  water 
wifl  only  result  in  excess  steam.  Water  flow  should  be  controUed  by  using 
short  bursts  and  opening  the  nozzle  only  as  much  as  needed. 

(8)  The  reflashes  that  continually  occurred  proved  to  be  a  significant  disruption 
and  source  of  frustration.  In  general,  this  prevented  the  attack 

getting  control  of  the  overaU  situation.  This  indicates  a  need  to  handle  each 
fire  source  individually,  completely  controlling  it  before  moving  on  to  the 
next,  whfle  maintaining  control  of  the  overhead  at  the  same  time. 

(9)  Relief  of  the  nozzleman  is  important,  particularly  during  extended  firefighting 
efforts  such  as  these.  This  was  best  accomplished  by  rotating  team  members 
on  the  hoseline.  This  rotation  should  occur  before  individuals  are  completely 
worn-out  or  over-stressed. 

Equipment 

(1)  Flash  gloves  in  combination  with  the  standard  firefightinggloves  were  needed 

to  provide  an  adequate  level  of  protection,  particularly  to  the  hands  and 
wrists. 

(2)  Most  of  the  wrist  bums  occurred  on  arms  that  were  extended  outward  from 
the  body  (i.e.,  pointing  at  something  or  operating  a  nozzle).  This  indicates  a 
need  for  longer  wrist  protection  on  either  the  gloves  or  FFEs. 

(3)  Bums  to  the  back  of  hands  occurred  mostly  when  the  gloves  were  tight 

against  the  hand,  indicating  a  need  for  gloves  that  are  large  enough  to 
maintain  the  air  gap. 
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(4)  The  NFTI  proved  to  be  ineffective  during  the  initial  stages  of  attack  due  to 
white-out  It  was  typically  abandoned  at  that  point 

(5)  The  attack  teams  indicated  that  the  1.9  cm  (0.75-in.)  hoseline  was  preferred 
for  mop-up  and  overhaul  operations. 

Training 

(1)  The  consensus  was  that  the  heat  and  steam  threat  experienced  at  the  fire 
schools  is  not  nearly  as  great  as  in  these  more  realistic  scenarios.  Also  the 
training  fires  tend  to  go  out  much  quicker  and  with  less  water.  The  lack  of 
steel  in  the  trainers  reduced  the  production  of  steam. 

(2)  Communications  between  hose  team  members  and  the  team  leader  is  a  basic 
skill  that  is  very  important  Lack  of  communications  slowed  the  attack  tAamc 
progress  and  made  it  more  difficult  to  get  relief  for  the  nozzleman.  There 
was  one  instance  where  the  team  leader  had  left  the  space  without  the  attack 

team  knowing  it.  The  result  was  a  lack  of  direction  causing  the  attack  team 
to  back  out  and  regroup. 

DISCUSSION 
Firefighting  Tacfics 

Based  on  both  the  quantitative  and  qualitative  results  of  these  tests,  the  use  of  a 
medium  angle  fog  stream  aimed  45°  upward  at  the  flaming  overhead  and  discharged  in  short 
bursts  appears  to  be  an  effective  tactic  for  controlling  an  overhead  fire  threat  The  rationale 
in  NSTM  555[2]  for  avoiding  this  tactic  is  the  concern  of  generating  excess  steam,  disturbing 
the  thermal  balance,  and  reducing  visibility  and  comfort  within  the  fire  compartment  The 
data  from  these  tests  indicate  that  for  this  fire  threat,  the  offensive  fog  attack  method  can 
be  used  to  control  the  overhead  fire  without  disturbing  the  thermal  balance.  The  steam  that 
was  generated  may  contribute  to  fire  extinguishment,  although  this  cannot  be  absolutely 
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quantified  by  the  data.  The  overall  effectiveness  of  the  technique  was  evident  by  the  success 
of  the  teams  using  the  offensive  f<^  tactic  as  supported  by  the  measures  of  performance  and 
qualitative  feedback  from  the  participants. 

Control  of  the  overhead  fire  threat  is  best  shown  by  the  average  overhead 
temperature  data.  Figures  30-32  present  this  data  for  both  the  traditional  straight  stream 
and  the  offensive  fog  attack  evolutions  of  the  RUSSEU  the  all  female,  and  the  PEB 
respectively.  The  data  for  the  RUSSEL  and  PEB  teams  show  that  with  the  c^ensive  fog 

tactic  (FOG _ 15  and  FOG _ 17),  the  overhead  temperatures  were  immediately  reduced  by 

200-250“C  (392-482*F)  and  then  continued  to  cool  for  the  duration  of  the  evolution.  The 

graph  for  the  aU  female  team  (FOG _ 13)  showed  similar  trends,  except  that  the  initial 

temperature  drop  occurred  more  slowly  and  there  were  two  instances  where  the 
temperature  rebounded  due  to  reorganization  of  the  hose  team.  Comments  fr<»n  the 
female  attack  team  indicate  that  the  reasons  for  these  rebounds  were  not  related  to  the 
attack  method,  but  rather  were  a  function  of  training,  familiarity  with  other  team  members, 
and  lack  of  aggres^eness. 

In  contrast,  the  data  for  the  traditional  straight  stream  tactic  (FOG _ 12,  FOG_14, 

and  FOG___16)  show  that  the  overhead  temperatures  were  reduced  initially  but  quicUy 
rebounded  back  to  their  original  values.  With  each  subsequent  attempt  to  control  the 
overhead  fire,  the  same  results  were  observed.  This  validates  the  attack  team  observations 
that  they  were  never  really  able  to  get  control  of  the  fire  during  the  traditional/straight 
stream  evolutions. 

Disturbances  of  the  thermal  balance  within  the  fire  compartment  are  best  shown  by 
comparing  the  total  heat  flux  data  measured  by  the  calorimeters  mounted  0.9  m  and  2.4  m 
(3  ft  and  8  ft)  above  the  deck  in  the  fire  ccmipartment.  figures  33-35  present  a  side  by  side 
comparison  of  this  data  for  the  traditional  straight  stream  and  offensive  fog  attack 
evolutions  of  the  RUSSEL,  the  ail  female,  and  the  PEB  tMtng  respectively.  The  Imy 
indicator  of  significant  disturbances  in  the  thermal  balance  is  an  upward  spike  in  the 
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F0G_16  =  Trad.  Straight  Stream,  F0G_13  =  Offensive  Fog 
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TIME  FROM  ENTRY  INTO  FIRE  COMPARTMENT  (min) 

Fig.  31  -  Comparison  of  average  overhead  temperatures  for  FOG_16  and  FOQ_13  (Female  team) 
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F^.  33  -  Total  Heat  Rux  Data  for  FOGJ  2  and  FOG J  5  (USS  RUSSEL  team) 
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TOTAL  HEAT  FLUX  (kW/m^)  TOTAL  HEAT  FLUX  (kW/m^) 


TIME  FROM  ENTRY  INTO  RRE  COMPARTMENT  (min) 


TIME  FROM  ENTRY  INTO  RRE  COMPARTMENT  (min) 

Rg.  34  -  T6tal  Heat  Rux  Data  for  FOG  J  6  and  FOG  J  3  (Female  team) 
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Fig.  35  -  Total  Heat  Rux  Data  lor  FOG  J  4  and  FOG  1 7  (PEB  team) 


0.9  m  (3  ft)  heat  flux  that  approached  or  meets  the  heat  flux  for  the  2.4  m  (8  ft) 
calorimeter.  This  indicates  total  compartment  mixing  with  steam. 

Significantdisturbances  in  the  thermal  balance  did  not  occur  during  the  offensive  fog 
attack  evolutions  (FOG_13,  FOG_15,  and  FOG_17).  With  the  RUSSEL  team,  the 
initial  attack  actually  cooled  the  upper  layer  enough  to  result  in  a  14.2  kW/m^  (1.25  Btu/ft* 
sec)  drop  in  the  2.4  m  (8  ft)  heat  flux  level.  In  contrast,  the  data  for  the  traditional  straight 

stream  tests  (FOG_12.  FOG_14,  and  FOG_16)  show  several  instan^^ 

balance  was  disturbed  sufficiently  to  cause  the  upward  spikes  on  the  0.9  m  (3  ft)  heat  flux 

plots.  Occurrences  were  most  frequent  with  the  RUSSEL  team.  The  phenomena  was 

slightly  different  for  the  PEB  test  For  this  evolution,  instead  of  isolated  spikes  which 

quickly  subsided,  the  low  level  heat  flux  spikes  were  not  as  great  in  magnitude  and  were 

followed  by  1-2  minutes  where  the  flux  level  remained  elevated.  In  any  case,  the  thermal 

balance  was  disturbed  sufficiently  to  impose  a  serious  heat  and  steam  threat  to  the  team 
members. 

The  total  heat  flux  data  can  also  be  used  to  confirm  the  trends  established  by  the 
average  overhead  temperature  data.  Again  with  the  offensive  fog  attack,  both  the  upper 
and  lower  heat  flux  levels  showed  downward  trends  throughout  the  evolution.  By 
comparison,  the  data  for  the  traditional  straight  stream  attack  show  total  heat  flux  values 

that  either  remained  steady  or  increased  from  the  values  at  the  time  of  entry  into  the 
compartment. 

Tlie  wood  crib  temperature  data  is  the  best  iadicator  of  total  .Trin)nH.hi.g 
capabiUties.  Figures  3b-3S  present  a  side  by  side  comparison  of  this  data  for  the  traditional 
straight  stream  and  offensive  fog  attach  evolutions  of  the  RUSSEI,  the  aU  female,  and  the 
PEB  teams  respectively.  It  can  be  seen  from  this  data  that,  in  general,  the  offensive  fog 
tactic  resulted  in  an  immediate  mid  significant  reduction  in  temperamres  in  aU  three  cribs. 
TTie  esception  to  this  is  the  data  for  the  aU  female  team,  which  show  reflashes  in  erft  #1 
on  two  occasions.  In  comparison,  the  traditional  straight  stream  tactic  resulted  in 
temperature  reducrions  only  in  cribs  #2  and  #3.  Crib  #1  maintained  its  temperamre  and 
within  1-2  minutes  refiashed.  TOs  data  also  clearly  show,  the  reflariies  that  continued  to 
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TEMPERATURE  ("C)  TEMPERATURE  ("C) 


Rg.  36  -  Wood  Crib  Temperatures  for  FOG_1 2  and  FOG_1 5  (USS  RUSSEL  team) 
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TIME  FROM  E^^^RV  INTO  FIRECOMPARTMEMT  (min) 


Rg.  37  -  Wood  Crib  Tempeiatures  for  TOGJ  6  and  FOGJ  3  (Female  team) 
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occur  thnwghout  the  evohitknii.  The  initial  tempenture  reduction  in  cribs  #2  and  #3  is 
not  out  of  line,  given  that  that  was  die  general  direction  the  initial  attack  on  the  overhead 

£>t«-  can  be  espected  that  some  of  that  water  feU  to  the  cribs.  The  more  important  trend 

.s  that  with  the  offensive  fog  attack,  even  with  the  fog  stream  not  aimed  directly  at  crib  #1. 
the  steam  that  it  produced  evidently  had  an  extinguishing  e&cL 


•ntefinalmeasureofperformancetobeconsideredistotalwatercoiisumption.  TTus 

value  must  be  considered  in  conjunction  with  the  degree  of  control  or  e«ier.i.i. _ ^ 

nchteved.  Because  total  extinguishmentwas  never  achieved  and  control  was  temporarily  at 

best  with  the  traditional  straight  stream  evolutions,  analysis  of  the  water  flow  data  is 
problemanc.  It  is  necessary  to  develop  parameters  defining  when  control  and 
extmguishmentwere  achieved.  The  fcUowing  definitions  were  established  tor  this  analysis. 

The  time  at  which  the  attack  team  was  able  to  advance 
forward  from  their  initial  attack  position  and  begin 
applying  water  directly  to  the  fire  sources. 

The  time  at  which  all  crib  temperatures  were  reduced 
below  125*0  (2STF),  there  was  no  visible  fiaming,  and 
there  were  no  subsequent  refiashes  reported. 

Table  15  presents  the  resulis  based  on  the  above  evaluation  criteria.  Hiese  data  do 
not  show  an  advanlage  to  either  method.  He  PEB  team  was  the  only  one  able  to  achieve 
control  (as  defined  above)  with  both  the  offensive  fog  and  the  traditional  straight  stream 
tactics.  The  quanti^  of  water  required  to  achieve  this  level  of  control  varied  by  only  11 L 
(3  gal)  between  the  two  tests.  He  extinguishment  data  better  demonstrates  the  of 
the  offensive  fog  tactic,  which  is  not  necessarily  water  use  management,  but  rather  more 
efficient  use  of  the  water  applied.  Even  though  approrimately  the  same  amount  of  water 
was  used  to  mihieve  control,  the  water  used  for  the  offensive  fog  atmck  aUowed  the  team 
to  go  on  to  achieve  extinguishment  This  was  also  true  for  the  RUSSEL  team 


CoDtrol  time 


Extinguishment  - 
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Table  15.  Amount  of  Water  Used  to  Adiieve  Control  and  Extinguishment 


Effect  of  Obstroctioiu 


When  the  obstnictioiis  were  removed  from  in  front  of  the  No.  1  and  No.  2  fire  areas, 

the  chaltenge  to  the  attack  teanm  was  significantly  reduced.  In  this  case,  a  standard  direct 

attack  as  described  in  NSTM  555  was  possible,  given  that  the  overhead  fire  threat  was  not 

overwhelming.  F"  this  scenario,  both  the  quantitative  and  the  qualitative  data  indicate  that 

neither  attack  method  had  a  clear  advantage.  He  tenabi%  and  eninguishment 
that  the  offensive  tog  tactic  had  previously  are  <Aet  by  the  abiliqr  to  mit^te  the  threat 

quickly  by  applying  water  to  the  seat  of  the  fire  using  a  straight  stream.  He  measures  of 

peifonnance  used  previously  to  compare  the  obstructed  tests  are  presented  in  Figs.  39, «, 
and  41  to  compare  the  tactics  for  the  unobstructed  tests.  (FOG_18  and  FOG_I9).  From 
these  data  it  can  be  seen  that  both  evoludons  progressed  in  a  similar  manner,  with  the 
initial  attack  reducing  temperatures  and  flu,  levels  almost  immediately  without  vipto-wly 
dismtbmg  the  theimal  balance  in  the  compartment  He  offensive  fog  tactic  required 
approrimately  the  same  amount  of  water  to  achieve  eninguishment;  170  L  (45  gal)  as 
<^po8ed  to  207  L  (54  gal)  for  the  traditional  straight  stream. 

Imw  Visibility  Scenario 


He  data  lor  the  now  visibility*  scenario  was  presented  previously  in  Figs.  28  and  29. 
Because  there  was  only  one  test  for  this  fire  threat  and  both  attack  methods  were  used  at 
various  times  during  the  evolution,  it  is  difficult  to  draw  coucbmaa  about  the  results. 
Control  of  both  the  overhead  threat  and  the  fire  source,  was  maintained  throughout  the 

evolution.  crib  and  average  overhead  temperatures  show  that  the  initial  ofensive 

fog  atmek  had  the  same  cooling  and  eninguishing  effect  seen  with  the  growing/steady  state 
fire  threat  He  total  heat  flux  data  indicates  that  there  may  have  been  some  minor 
disturbances  in  the  theimal  balance,  but  the  0.9  m  mid  14  m  (3  ft  and  8  ft)  flu,  levels  were 
so  close  together  that  the  layer  was  probably  fairly  nnifoim  to  begia  with. 
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F0Q_18  s  Trad.  Straight  Stream.  F0G_19 ::  Offensive  Fog 
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AL  HEAT  FLUX  (kW/m^)  TOTAL  HEAT  FLUX  (kW/m^) 


time  from  ENTRY  INTO  RRE  COMPARTMENT  (min) 

Fig.  40  -  Total  Heat  Rux  Data  for  FOG_1 8  and  FOG  1 9 
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CONCLUSIONS 


Baaed  on  the  quaUtathre  and  quantitative  data  present,  the  foUondng  conclusions  can 
be  drawn  reiathre  to  the  use  of  the  offensive  fog  tactic. 

(1)  state  fire  threats,  ufhere  the  seat  of  the  fire  is  obstructed 

and  the  fire  is  at  or  near  the  flashover  stage  (i.e.,  overhead  temperatures  in 
the  range  of  dOiMOOr  (752-11 12T0)  with  flame,  rolling  mnoss  the  overhemi, 

the  offensive  fog  tactic  can  be  used  to  improve  the  fire  aoack  by  allowing  the 

attack  team  to  control  the  overhead  threat  first 

(2)  In  situations  where  the  seat  of  the  fire  is  not  obstructed,  there  were  no 

significant  advmitages  for  either  the  offensive  fog  tactic  or  the  tnulitional 
Straight  stream  tactic* 

(3)  When  applied  properly,  e.g.,  a  «P  angle  fog  stremn  directed  at  a  45*  migie 
upward  at  the  flaming  overhead  and  discharged  in  short,  controlled  burst, 
seconds  in  duration,  the  offensive  fog  tactic  can  be  used  eOsctively  to  attack 
and  control  a  fire  without  disturbing  the  thermal  balance  in  the  compartment 
Oenerally.  three  bursts  wiU  be  sufficient  to  control  the  overhead  fire  and  to 
allow  the  direct  attack  to  continue  safely.  The  enct  number  of  bursis  to  be 
used  IS  dependent  on  the  degree  of  control  and  knock  down  achieved.  Also, 

•itrottling  the  nozzle  to  reduce  water  flow  may  provide  additional  benefits  by 
reducing  steam  production. 

(4)  Tenability  (in  terms  of  heat  stress  to  the  firefighters)  in  the  space  was 
unproved  when  the  offensive  fog  tactic  was  used.  Using  a  straight  stream  or 
narrow  angle  fog  directed  to  the  overhead  resulted  in  excessive  amounts  of 
hot.  penetrating  steam.  The  steam  generated  by  the  offensive  fog  was  not  as 
severe  and  resulted  in  no  burns  to  the  firefighters. 
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(5)  In  situations  where  the  source  of  the  fire  could  not  be  attacked  directly,  the 
offensive  fog  tactic  show  better  extinguishing  capabilities  than  the  traditional 
straight  stream  directed  off  of  bulkheads  and  the  overhead. 

(6)  Use  of  the  offensive  fog  tactic  allows  the  firefighter  to  minimize  the  flashover 
potential  by  reducing  the  overhead  temperatures,  even  though  the  seat  of  the 
fire  can  not  be  attacked  directly. 

(7)  The  offensive  fog  method  is  a  simple  tactic  that  even  a  novice  firefighter  can 
utilize.  Training  time  for  the  test  participants  was  only  15  minutes. 

(8)  In  a  low  visibility  scenario,  the  offensive  fog  tactic  provides  a  method  for  the 
attack  team  to  control  the  fire  environment  until  the  seat  of  the  fire  is 
located.  From  the  single  test  conducted,  no  disadvantages  in  using  the 
offensive  fog  tactic  were  observed. 

(9)  The  need  for  rapid  rotation  of  attack  team  members,  in  particular,  the  team 
leader  and  nozzleman,  was  again  verified. 

(10)  Additional  evaluation  of  protective  equipment,  particularly  firefighter's gloves, 
is  needed. 

(11)  Improvements  in  the  tactics  and  procedures  described  in  NSTM  555  are  not 
filtering  down  to  the  fleet;  e.g.,  NSTM  555  describes  nozzle  throttling 
techniques  for  controlling  water  flow  rates,  however,  the  participants  (who 
were  using  tactics  taught  at  the  training  schoob)  did  not  use  thb  technique 
until  instructed  to  do  so. 

(12)  White-out  of  the  NFn  in  high  heat  situations  bstiU  a  problem. 


97 


recommendations 


(1)  NSTM  555,  Section  555-5.3,  should  be  revised  to  include  the  benefits  of  a 
medium  angle  fog  stream  as  an  offensive  tactic  when  properly  applied  in  a 
controlled  manner.  These  revisions  should  include  more  complete  definitions 
of  direct  and  indirect  tactics.  NRL  will  assist  in  developing  those  languages. 

(2)  Section  555-5.3  should  be  revised  to  include  recommended  tactics  and 

procedures  for  use  of  the  offensive  f^  method  to  control  growing/steacty  state 

fires  where  the  space  can  still  be  entered,  but  the  seat  of  the  fire  can  not  be 
attacked  directly. 

(3)  The  basic  training  courses  should  be  revised  to  include  training  on  the  use  of 
the  offensive  fog  tactic.  This  training  should  include  live  fire  scenarios  with 
obstructed  fires.  Training  should  also  include  improved  tactics  and 
procedures  developed  from  previous  firefighting  workshops;  e.g.,  rotation  of 

attack  team  personnel,  throttling  of  the  vari-nozzle  to  control  water  usage  and 
techniques  to  protect  exposed  sHn 

(4)  Advanced  training  classes  should  include  team  leader  training  on  evaluation 
of  fire  conditions  and  determination  of  appropriate  attack  tactics. 

(5)  Initiate  a  project  to  develop  an  advanced  damage  control/firefightingcurricula 
and  facility  based  on  the  lessons  learned  on  the  SHADWELL. 
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APPENDIX  A 
Instrumentation  Layout 


A-1 


Instrumentation  Notes 


1.  The  CO,  analyzer  on  the  fire  compartment  low  loop  (Loop  #4, 2-16-0  -  61.0  cm  (24- 
in.)  above  the  deck)  was  out-of-service  for  all  tests. 

2.  The  pressure  transducer  connected  to  the  aft  sensing  lines  (2-21-2)  lost  cahbration 

after  test  FOG__15.  The  unit  could  not  be  recalibrated.  The  other  transducer 
showed  excessive  noise  in  the  signal  for  all  tests. 


A-2 


Table  Al.  losuumenutioa  Key 


Symbol 


Descriptioa 


Camen,  arrow  indicata  direction  of  view 


Gat  aample  (continooiis  (Oj,  CO»  CO^  24>in.  off  of  deck,  and  12«in.  below  overhead 


Camera  (infrared),  arrow  indicates  direction  of  view 


Cable  connections  for  portable  infrared  camera 


Radiometer,  atSftandSftinfire  area,  at  S  ft  in  GSKaiea 


Calorimeter,  at  3  ft  and  8  ft  in  fire  area,  at  5  ft  in  GSK  area 


Door  microtwitch 


Thermocoopte  tree,  starting  at  18-in.  above  the  deck  and  spaced  18-in.  apan 


Air  theimooonple,  18-in.  and  60-in.  above  deck 


Bulkhead  thermocouple  (both  sides) 


Deck  thennocoople  (both  sides) 


Overhead  thermooonpie,  6-in.  below  overhead 


Ultrasonic  water  flowmeter 


Optical  density  meter  (LED  type),  60^  above  deck 


Ofl)  thennocoople,  provide  three  for  each  location,  positioned  at  bottom,  in  middle,  and 
BfrL  above  top  of  crib 


Oft) _  I  _ Oi»U _  I  Cligt)  ,L  (mtjllO 
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Fto.A2- 


Rg.  A3  -  Flrrt  (Main)  deck  instnmwntalion  layout 


APPENDIX  B 

Representative  Data  for  FOG _ 12  through  FOG 


Test  FOG_12.  Traditional  Straight  Stream,  USS  RUSSEL  Team 


TIME  FROM  IGNITION  (min) 

Fig.  B1  -  Wood  crib  #1  thermocouples  for  FOG  12 


Test  F0G  J2,  Traditional  Straight  Stream.  USS  RUSSEL  Team 
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Fig.  B3  -  Wood  crib  #3  thermocouples  for  FOG_12 


Traditional  Straight  Stream.  USS  RUSSEL  Team 


,  Traditional  Straight  Stream.  USS  RUSSEL  Team 


xnid  1V3H  ivxoi 


B-8 


B-9 


Test  F0G_12.  Traditional  Straight  Stream,  USS  RUSSEL  Team 


B-IO 


Test  FOG_12,  Traditional  Straight  Stream,  USS  RUSSEL  Team 


(ujd6)  3iva  MOId 
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TIME  FROM  IGNITION  (min) 


,  Traditional  Straight  Stream,  USS  RUSSEL  Team 


(l«6)  Mold  IVIOX 
B-12 


Test  FOG_12,  Traditional  Straight  Stream,  USS  RUSSEL  Team 


(o^H  ui)  AdVQNnos  ssoyov  dV 
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Fig.  B12  -  Pressure  differential  across  bum  room  boundaries  for  FOG  12 


Traditional  Straight  Stream,  USS  RUSSEL  Team 


B-14 


Fig.  B13  -  Smoke  Obscuration  for  FOG  12 


Test  F0G_12,  Traditional  Straight  Stream,  USS  RUSSEL  Team 


(Oo)  3UniVU3d^3i 


B-15 


Fig.  B14  -  Port  outer  (2-18-2)  thermocouple  tree  for  FOG_12 


Test  F0G_12,  Traditional  Straight  Stream,  USS  RUSSEL  Team 
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Fig.  B15  -  Port  inner  (2-19-0)  thermocouple  tree  for  FOG_12 
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(Oo)  3yniVU3dl(M31 
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ITION  (min) 


Test  FOG_12,  Traditional  Straight  Stream,  USS  RUSSEL  Team 


(Oo)  3UniVU3dl^31 
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Fig.  B17  -  Starboard  inner  (2-21-1)  thermocouple  tree  for  FOG_12 


Test  FOG_12,  Traditional  Straight  Stream,  USS  RUSSEL  Team 
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Fig.  B18  -  Burn  room  overhead  temperatures  for  FOG_12 


Test  FOG_12.  Traditional  Straight  Stream.  USS  RUSSEL  Team 
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Fig.  B19  -  GSK  overhead  temperatures  for  FOG_12 


Test  FOG  12,  Traditional  Straight  Stream,  USS  RUSSEL  Team 
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Fig.  B20  -  Oxygen  (Og)  concentrations  for  FOG_1 2 
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Test  FOG_13,  Offensive  Fog,  Female  Team 
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Fig.  B23  -  Wood  crib  #1  thermocouples  for  FOG_13 
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400 


G_13,  Offensive  Fog,  Female  Team 


Fig.  B25  -  Wood  crib  #3  thermocouples  for  FOG_13 


Test  F0G_13,  Offensive  Fog,  Female  Team 
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Fig.  B26  -  Average  of  overhead  thermocouples  for  FOG_13 


F0G_13,  Offensive  Fog,  Female  Team 
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Fig.  B27  -  Bum  room  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_13 


Test  F0G_13,  Offensive  Fog,  Female  Team 
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Fig.  B28  -  GSK  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_13 
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Test  FOG_13,  Offensive  Fog,  Female  Team 
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Fig.  B30  -  Burn  room  radiometers  for  FOQ_13 


F0G_13,  Offensive  Fog,  Female  Team 
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Fig.  B31  -  GSK  radiometer  and  calorimeter  for  FOG  13 
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Test  F0G_13,  Offensive  Fog,  Female  Team 
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Fig.  B34  -  Pressure  differential  across  bum  room  boundaries  for  FOG_13 


Test  FOG_13,  Offensive  Fog,  Female  Team 
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Fig.  B35  -  Smoke  Obscuration  for  FOG  13 


Test  F0G_13,  Offensive  Fog,  Female  Team 
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3,  Offensive  Fog,  Female  Team 
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Fig.  B37  -  Port  inner  (2-19-0)  thermocouple  tree  for  FOG_13 
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Test  FOG_13,  Offensive  Fog,  Female  Team 
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Fig.  B39  -  Starboard  inner  (2-21-1)  thennocouple  tree  for  FOG_13 


Test  F0G_13,  Offensive  Fog,  Female  Team 
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Fig.  B40  -  Burn  room  overhead  temperatures  for  FOG_13 


Test  FOG_13,  Offensive  Fog,  Female  Team 
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Fig.  B41  -  GSK  overhead  temperatures  for  FOG_13 


Test  FOG_13,  Offensive  Fog,  Female  Team 
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Fig.  B42  -  Oxygen  (Og)  concentrations  for  FOG_13 


Test  FOG_13,  Offensive  Fog,  Female  Team 
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Fig.  B43  -  Carbon  monoxide  (CO)  concentrations  for  FOG_1 3 


FOG  14,  Traditional  Straight  Stream,  PEB  Team 


Fig.  B45  -  Wood  crib  #1  thermocouples  for  FOG_14 


Test  F0G_14,  Traditional  Straight  Stream,  PEB  Team 
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Fig.  B46  -  Wood  crib  #2  thermocouples  for  FOG_14 


Test  FOG_14,  Traditional  Straight  Stream,  PEB  Team 
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Fig.  B47  -  Wood  crib  #3  thermocouples  for  FOG_14 


Traditional  Straight  Stream,  PEB  Team 
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Fig.  B49  -  Burn  room  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_14 


,  Traditional  Straight  Stream.  PEB  Team 


Fig.  B51  -  Burn  room  calorimeters  for  FOG_14 
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for  FOG  14 


Test  F0G_14,  Traditional  Straight  Stream,  PEB  Team 
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Fig.  B53  -  GSK  radiometer  and  calorimeter  for  FOG  14 
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Test  FOG  14,  Traditional  Straight  Stream.  PEB  Team 
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Fig.  B56  -  Pressure  differential  across  bum  room  boundaries  for  FOG__14 


Traditional  Straight  Stream,  PEB  Team 


Fig.  B57  -  Smoke  Obscuration  for  FOG_14 
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Test  F0G_14,  Traditional  Straight  Stream,  PEB  Team 
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Fig.  B59  -  Port  inner  (2-19-0)  thermocouple  tree  for  FOG_14 


Test  F0G_14,  Traditional  Straight  Stream,  PEB  Team 
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Fig.  B60  -  Starboard  outer  (2-21-3)  thermocouple  tree  for  FOG_14 
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Test  FOG_14,  Traditional  Straight  Stream,  PEB  Team 
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Fig.  B62  -  Burn  room  overhead  temperatures  for  FOG_14 


Test  FOG_14,  Traditional  Straight  Stream,  PEB  Team 
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Fig.  B63  -  GSK  overhead  temperatures  for  FOG_14 


Test  F0Q_14,  Traditional  Straight  Stream,  PEB  Team 
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Fig.  B64  -  Oxygen  (Og)  concentrations  for  FOG_14 


Traditional  Straight  Stream,  PEB  Team 
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Fig.  B65  •  Carbon  monoxide  (CO)  concentrations  for  FOQ_14 
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Test  FOG_15,  Offensive  Fog.  USS  RUSSEL  Team 
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Fig.  B67  -  Wood  crib  #1  thermocouples  for  FOG_15 


Test  FOGJ  5,  Offensive  Fog.  USS  RUSSEL  Team 
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Fig.  668  -  Wood  crib  #2  Ihermocoupies  for  FOG_15 


Test  FOG_15,  Offensive  Fog,  USS  RUSSEL  Team 
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TIME  FROM  IGNITION  (min) 

Fig.  B69  -  Wood  crib  #3  thermocouples  for  FOG_15 


Test  FOG_15,  Offensive  Fog.  USS  RUSSEL  Team 
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Fig.  B71  -  Burn  room  thermocouple  string  averages  (upper  vs.  lower)  for  FOG  1 
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Fig.  B72  -  GSK  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_1 5 
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Fig.  073  -  Burn  room  calorimeters  for  FOG  15 


Test  FOG_15,  Offensive  Fog,  USS  RUSSEL  Team 
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Fig.  B74  -  Burn  room  radiometers  for  FOG_15 


Test  F0G  J5,  Offensive  Fog,  USS  RUSSEL  Team 
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Fig.  B75  -  GSK  radiometer  and  calorimeter  for  FOG  1 5 
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Fig.  B76  -  Water  flow  rate  for  FOG_1 5 
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Test  FOG_15,  Offensive  Fog.  USS  RUSSEL  Team 
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Fig.  B78  •  Pressure  differential  across  burn  room  boundaries  for  FOG_15 
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Test  F0G_15,  Offensive  Fog,  USS  RUSSEL  Team 
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Fig.  B80  -  Port  outer  (2-18-2)  thermocouple  tree  for  FOG__15 
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Fig.  B81  -  Port  inner  (2-19-0)  thermocouple  tree  for  FOG_15 
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Test  FOG_15,  Offensive  Fog,  USS  RUSSEL  Team 
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Fig.  B83  -  Starboard  inner  (2-21-1)  thermocouple  tree  for  FOG_15 
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Fig.  B84  -  Burn  room  overhead  temperatures  for  FOQ_15 
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Fig.  B85  -  GSK  overhead  temperatures  for  FOG  15 
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Fig.  686  -  Oxygen  (Og)  concentrations  for  FOG_15 
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Fig.  B87  -  Carbon  monoxide  (CO)  concentrations  for  FOG  15 
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Fig.  689  -  Wood  crib  #1  thermocouples  for  FOG_16 


Test  F0G_16,  Traditional  Straight  Stream,  Female  Team 
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Fig.  690  -  Wood  crib  #2  thermocouples  for  FOG_16 


Test  F0G_16,  Traditional  Straight  Stream,  Female  Team 
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Fig.  B91  -  Wood  crib  #3  thermocouples  for  FOG_16 
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Fig.  B92  -  Average  of  overhead  thermocouples  for  FOG_16 


Test  FOG  16,  Traditional  Straight  Stream,  Female  Team 


B-94 


TIME  FROM  IGNITION  (min) 

Fig.  B93  -  Bum  room  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_16 
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Fig.  B94  -  GSK  thermocouple  string  averages  (upper  vs.  tower)  for  FOG_1 6 
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Fig.  B95  -  Burn  room  calorimeters  for  FOG  16 
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Fig.  B96  -  Burn  room  radiometers  for  FOG  16 
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Fig.  B97  -  GSK  radiometer  and  calorimeter  for  FOG  16 
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,  Traditional  Straight  Stream,  Female  Team 
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Test  F0G_16,  Traditional  Straight  Stream.  Female  Team 
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Fig.  B100  -  Pressure  differential  across  burn  room  boundaries  for  FOG  16 
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Fig.  B101  -  Smoke  Obscuration  for  FOG  16 
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Fig.  B102  -  Port  outer  (2-18-2)  thermocouple  tree  for  FOG_16 


Test  FOG_16,  Traditional  Straight  Stream,  Female  Team 
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Fig.  B103  -  Port  inner  (2-19-0)  thermocouple  tree  for  FOG_16 
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Test  FOG_16,  Traditional  Straight  Stream,  Female  Team 
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Fig.  BIOS  -  Starboard  Inner  (2-21  >1)  thermocouple  tree  for  FOQ_16 
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Fig.  B106  -  Burn  room  overhead  temperatures  for  FOG_16 
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Fig.  B107  -  GSK  overhead  temperatures  for  FOG_16 


Test  F0G_16,  Traditional  Straight  Stream,  Female  Team 
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Rg.  BIOS  •  Oxygen  (O2)  concentrations  for  FOG_16 
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Fig.  B109  -  Carbon  monoxide  (CO)  concentrations  for  FOG_16 
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Fig.  B1 10  -  Carbon  dioxide  (CO^)  concentrations  for  FOG_16 
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Fig.  Bill  -  Wood  crib  #1  thermocoupies  for  FOG_17 
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Fig.  B1 12  >  Wood  crib  #2  thermocouples  for  FOG_17 
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Fig.  B1 13  -  Wood  crft>  #3  thermocouples  for  FOG_17 


Test  F0Q_17,  Offensive  Fog,  PEB  Team 
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Fig.  B1 14  -  Average  of  overhead  thermocouples  for  FOG_17 
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Fig.  B1 16  -  GSK  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_1 7 


Test  F0G_17,  Offensive  Fog,  PEB  Team 
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Fig.  B11 7-  Burn  room  calorimeters  for  FOG  1 7 


Test  F0G__17,  Offensive  Fog,  PEB  Team 
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Fig.  B1 18  -  Burn  room  radiometers  for  FOG_17 
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Fig.  B119  -  GSK  radiometer  and  calorimeter  for  FOG  17 
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Fig.  B1 20  -  Water  flow  rate  for  FOG_1 7 
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Fig.  B122  -  Pressure  differential  across  burn  room  boundaries  for  FOG_17 
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Fig.  B124 


Test  F0Q_17,  Offensive  Fog.  PEB  Team 
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Fig.  B125  -  Port  inner  (2*19-0)  thermocouple  tree  for  FOG_17 
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Test  F0G__17,  Offensive  Fog,  PEB  Team 
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Fig.  B128  -  Burn  room  overhead  temperatures  for  FOG_17 
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Fig.  B129  -  GSK  overhead  temperatures  for  FOG_17 


Test  FOG_17,  Offensive  Fog,  PEB  Team 
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Fig.  B130 '  Oxygen  (O^)  concentrations  for  FOG_17 


Test  F0Q_17,  Offensive  Fog.  PEB  Team 
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Fig.  B131  -  Carbon  monoxide  (CO)  concentrations  for  FOG_17 


Test  F0G_17,  Offensive  Fog,  PEB  Team 
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Fig.  Bi32  -  Carbon  dioxide  (CO2)  concentrations  for  FOG_17 
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Fig.  B133  -  Wood  crib  #1  thermocouples  for  FOG_18 
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Fig.  B134  -  Wood  crib  #2  thermocouples  for  FOG_18 


Traditional  Straight  Stream.  USS  RUSSEL  Team 
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Fig.  B135  -  Wood  crib  #3  thermocouples  for  FOG_18 
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Fig.  B136  -  Average  of  overhead  thermocouples  for  FOQ_18 
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Fig.  B137  -  Burn  room  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_18 
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Test  F0G_18,  Traditional  Straight  Stream,  USS  RUSSEL  Team 
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Fig.  B139  -  Burn  room  calorimeters  for  FOG  1 8 
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Fig.  6140 '  Burn  room  radiometers  for  FOQ_18 


Test  FOG_18,  Traditional  Straight  Stream.  USS  RUSSEL  Team 
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Fig.  B141  -  GSK  radiometer  and  calorimeter  for  FOG  18 
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Fig.  B142  -  Water  flow  rale  for  FOG  18 
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flow  for  FOG  18 


Test  F0G_18,  Traditional  Straight  Stream,  USS  RUSSEL  Team 
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Fig.  B144  -  Pressure  differential  across  burn  room  boundaries  for  FOQ_18 
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Fig.  B145  >  Smoke  Obscuration  for  FOG  18 
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Fig.  B146  -  Port  outer  (2-18-2)  thermocouple  tree  for  FOG_18 


Test  FOG_18,  Traditional  Straight  Stream,  USS  RUSSEL  Team 
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Fig.  B147  -  Port  inner  (2-19-0)  thermocouple  tree  for  FOG_18 
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Test  FOG_18.  Traditional  Straight  Stream.  USS  RUSSEL  Team 
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Test  F0G_18,  Traditional  Straight  Stream,  USS  RUSSEL  Team 
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Fig.  B150  -  Burn  room  overhead  temperatures  for  FOG_18 
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Fig.  B151  -  GSK  overhead  temperatures  for  FOG__18 
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Fig.  0152  -  Oxygen  (Og)  concentrations  for  FOG__18 
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Fig.  Biss  -  Carbon  monoxide  (CO)  concentrations  for  FOG  18 
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Fig.  6154  -  Carbon  dioxide  (CO2)  concentrations  for  FOG_18 


Test  FOG_19,  Offensive  Fog,  Female  Team 
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Fig.  B155  -  Wood  crib  #1  thermocouples  for  FOG_19 
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Fig.  B156  -  Wood  crib  #2  thermocouples  for  FOG_19 
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Fig.  B157  -  Wood  crib  <113  thermocouples  for  FOG_19 
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Fig.  Bi58  -  Average  of  overhead  thermocouples  for  FOG_19 
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Fig.  B159  -  Burn  room  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_19 
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Test  F0G_19,  Offensive  Fog,  Female  Team 
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Fig.  Bt61  -  Bum  room  calorimeters  for  FOG  19 
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Fig.  B162 '  Burn  room  radiometers  for  FOG_19 


Test  FOG_19,  Offensive  Fog,  Female  Team 


(j^/MM)  xnid  1V3H 


B-164 


Fig.  B163  -  GSK  radiometer  and  calorimeter  for  FOG_19 
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Test  FOG_19,  Offensive  Fog,  Female  Team 
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Fig.  B166  -  Pressure  differential  across  bum  room  boundaries  for  FOQ_19 
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Fig.  B167  -  Smoke  Obscuration  for  FOG_19 
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Fig.  B168  -  Port  outer  (2-18-2)  thermocouple  tree  for  FOG_19 


Test  F0G_19,  Offensive  Fog,  Female  Team 
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Fig.  6169  -  Port  inner  (2-19-0)  thermocouple  tree  for  FOG_19 
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Test  FOG_19,  Offensive  Fog,  Female  Team 
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TIME  FROM  IGNITION  (min) 

Fig.  B 1 71  -  Starboard  inner  (2-21-1 )  thermocouple  tree  for  FOG  1 9 
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Tes!  F0G_19,  Offensive  Fog,  Female  Team 
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Fig.  B173  -  GSK  overhead  temperatures  for  FOG_19 
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Fig.  B174  -  Oxygen  (Og)  concentrations  for  FOG_19 
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Fig.  B175  -  Carbon  monoxide  (CO)  concentrations  for  FOG  19 
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Fig.  6176  -  Carbon  dioxide  (CO2)  concentrations  for  FOG_19 
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Fig.  B177  -  Wood  crib  #1  thermocouples  for  FOG_20 
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Fig.  B178  -  Wood  crib  #2  thermocouples  for  FOG_20 
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Fig.  B179  -  Wood  crib  #3  thermocouples  for  FOG_20 
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Fig.  B181  -  Burn  room  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_20 
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Fig.  B182 '  GSK  thermocouple  string  averages  (upper  vs.  lower)  for  FOG_20 
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Fig.  B183  -  Burn  room  calorimeters  for  FOG_20 
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Fig.  B184  -  Burn  room  radiometers  for  FOG_20 


Test  FOG_20,  Low  Visibility  Scenario.  PEB  Team 


xnid  XV3H 


B-186 


Fig.  B185  -  GSK  radiometer  and  calorimeter  for  FOQ_20 


Test  FOG_20,  Low  Visibility  Scenario,  PEB  Team 
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flow  for  FOG  20 
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Fig.  B188  -  Pressure  differential  across  burn  room  boundaries  for  FOG_20 
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Fig.  B189  >  Smoke  Obscuration  for  FOQ_20 


Test  FOG_20,  Low  Visibility  Scenario,  PEB  Team 
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G_20,  Low  Visibility  Scenario,  PEB  Team 
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Test  FOG_20,  Low  Visibility  Scenario,  PEB  Team 
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Fig.  B193  -  Starboard  inner  (2>21-1)  thermocouple  tree  for  FOQ_20 
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Fig.  B194  -  Burn  room  overhead  temperatures  tor  FOG_20 
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Fig.  B195  -  GSK  overhead  temperatures  for  FOG_20 
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Fig.  B196  -  Oxygen  (Og)  concentrations  for  FOQ_20 


Test  FOG_20,  Low  Visibility  Scenario,  PEB  Team 
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Rg.  B197  >  Carbon  monoxide  (CO)  concentrations  for  FOQ_20 


